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LOW-SPEED MODEM SYSTEM DESIGN 
USING THE MC6860 



Prepared by: 
Jon M. DeLaune 

Computer Applications 



This application note describes modem 
systems for full duplex originate only, 
automatic answer-answer only and an- 
swer/originate with automatic answer. 
Described are the peripheral circuits such 
as limiters and bandpass filters that sur- 
round the MC6860 to make it a 100 
Series compatible modem system. 




LOW-SPEED MODEM SYSTEM DESIGN 
USING THE MC6860 



GENERAL 

Low-speed modem designers will find that the MC6860 
MOS LSI Modem with its built-in modulator, demodulator, 
and supervisory control will allow the design of a high 
performance, low cost 100 Series type modem. The 
designer, by selecting from different filter configurations 
and some surrounding support circuitry, may design either 
an originate only, answer only, or automatic answer/origi- 
nate modem system. 

It is the purpose of this note to cover in some detail 
these surrounding building blocks that comprise the total 
system. To familiarize the reader with the MC6860 chip 
operation, a general overview will be included with a more 
detailed description to be obtained from the MC6860 
data sheet. 



BASIC MC6860 CIRCUIT OPERATION 

As illustrated in Figure 1 , the MC6860 Modem contains 
a digital modulator, demodulator, and a supervisory control 
section to handle line disciplines for full duplex originate, 
auto-answer, and auto-disconnect operations. 

Modulator 

The modulator section converts serial digital data into 
analog frequencies for output to the telephone network. 
The analog output from the modem is a digital synthesized 
sinewave having one of four possible frequencies as listed 
in Figure 2. The modulation scheme used is frequency 
shift keying (FSK), where a logic "0" (space) is the lower 
frequency and a logic "1" (mark) is the upper or higher 
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FIGURE 1 - MC6860 Modem 
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FIGURE 2 - Output Frequency Shift Keying Pairs 

frequency of either the originate or answer frequency pairs. 
The analog signal output level from the modulator is 
typically 350 millivolts (rms) into a load of 100 k ohms; 
therefore, for the MC6860 to interface into a 600 ohm 
line system such as the telephone network with the 
necessary signal magnitude, an external transmit buffer 
will be required. 

Demodulator 

The demodulator section receives either the lower or 
upper (answer or originate modem) frequency tone pairs, 
and by a technique of digital half-cycle detection deter- 
mines the presence of a mark or a space frequency and 
will output at the Receive Data pin either a digital logic 
"1" or "0" to the terminal or computer equipment. The 
incoming analog signal from the line should be bandlimited 
(filtered) and limited (amplified/clipped) prior to the 
demodulator carrier input to remove interfering signals 
and system noise. The limited input signal presented to 
the demodulator input should be at 50% duty cycle (±4%) 
over the full input signal dynamic range and be at a TTL 
compatible input level in order to maintain low bit-error- 
rate performance. 



Supervisory Control 

The supervisory control section of the MC6860 contains 
the necessary logic ts provide initial inter-modem hand- 
shaking as well as operational protocol, such as automatic 
answer,, originate only, initiate disconnect, and automatic 
disconnect. A graphical illustration of these control oper- 
ations provided by the MC6860 is shown in Figures 3,4, 
5, and 6. Signals pro/ided by the MC6860 for interfacing 
between a data terminal and either a CBS or a CBT 
telephone network data coupler are shown at the top 
right of Figure 1 . Switch Hook (SH). Ring Indicator (Rl), 
and Answer Phone (^n Ph) signals will interface directly 
with a CBT data coupler, or with a CBS data coupler when 
RS-232 interface circuits are used. Both of these data 
coupler interface methods will be illustrated in later 
system implementation examples. 

Additional contrcl signals that are provided for data 
terminal control are: Data Terminal Ready (DTR), Clear- 
toSend (CTS), Receive Break (Rx Brk), Transmit Break 
(Tx Brk), and Break Release (Brk R). The Mode output is 
a control function lhat is system oriented for the sur- 
rounding filter block. This output can be used to control 
switchable filters to provide a full automatic answer/ 
originate modem system. A logic low level at the Mode 
output pin indicates the demodulator is in the answer 
mode of operation and will demodulate 1070 Hz and 
1270 Hz incoming signals. When the Mode output is in a 
high state, the frequencies demodulated will be 2025 Hz 
and 2225 Hz. A design example using switchable filters 
will be illustrated in 2 later section. 
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FIGURE 6 — Initiate Disconnect 



A self test feature is included in the MC6860 for testing 
the modulator/ demodulator sections. When a low logic 
level is applied to the Self Test (ST) input pin. the demodu- 
lator is switched to detect the modulator transmitted 
frequency pair. Channel establishment obtained during 
initial handshaking is not lost, with only the Mode output 
changing state during initiation of self test as shown in 
Figure 7. This test feature allows the modulator, demodu- 
lator, and interval timer circuitry to be checked for proper 
operation during diagnostic system test. 
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FIGURE 7 - Mode Control Truth Table 



MODEM FILTER DESIGN 

Filter networks are among the most important surround- 
ing element blocks in a modem system. As shown in Fig- 
ure 8, a filter block is used in the receive carrier signal 
path and another filter block is used in the transmit 
carrier signal path. The transmit carrier filter may not be 
required in answer only modem designs but is required 
for originate mode operation. 



The receive filtei must provide sufficient adjacent 
channel rejection to provide good bit-error performance. 
During answer only operation, the filter must pass the 
receive frequencies of 1070 and 1270 Hz, but reject the 
adjacent channel local transmit frequencies of 2025 and 
2225 Hz. 

Typically, the receive carrier bandpass filter should 
provide greater than 35 dB attenuation to the adjacent 
channel. During full duplex originate operation, the local 
transmit signal prodt.ces second harmonic energy within 
the receive filter banipass (2 x 1070 Hz = 2140 Hz). To 
reduce this frequency component in the receive filter 
passband, a transmit carrier filter must be included. This 
transmit filter may be either a low pass, a high pass, or a 
bandpass filter dependent upon the designed mode of 
operation of the modem: originate only, answer only, or 
auto answer/originate . 

The filter design example presented is a bandpass con- 
figuration which could be used in either the transmit or 
receive signal paths with only component value changes. 
The transmit filter must have a pass frequency of 2025- 
2225 Hz when the modem is used as an answer only 
modem (receiving fiequencies of 1070-1270 Hz). The 
opposite configui atic n is true when the modem is in the 
originate only mode of operation (transmit frequencies 
of 1 070-1 270 Hz and eceive frequencies of 2025-2225 Hz) . 

A design example is presented, with design tables and 
equations to solve for the modem system bandpass filter 
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component values. A 6-poie answer filter is developed in 
detail in this application note, whereas a 6-pole originate 
filter has values tabulated only. Also tabulated are com- 
ponent values for 8-pole, 50-dB receive filters and 4-pole, 
25-dB transmit filters. 

A filter design may take one of many forms. The in- 
cluded design examples use a 0.5 dB ripple Chebyshev 
approximation. The filter element configuration used is a 
multiple feedback bandpass as shown in Figure 9. As indi- 
cated in Figure 10, the Chebyshev filter will provide a high 
degree of attenuation in the stop band, but with less 
phase linearity than a Butterworth or Bessel filter. Linear 
phase or group delay in the passband is an important design 
consideration for modem filter design. Error performance 
and demodulator phase/bias distortion of the modem 
system is affected by unequal delay of data frequencies 
within the filter passband. Therefore, it is important to 
provide filters that not only provide sharp stopband atten- 
uation, but also provide some degree of phase linearity in 
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FIGURE 9 - Multiple Feedback Bandpass Filter Element 



Frequency (Hz) 
FIGURE 10 - Filter Approximation Characteristics 

the passband. By designing the Chebyshev filter to have a 
wider bandwidth than required for FSK (frequency shift 
keyed) data recovery, the designer can maximize phase 
linearity within the required passband. 
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Determining the minimum filter bandwidth comes by 
investigating the received signal characteristics. Data com- 
munication theory states that data transmitted by FSK 
can be recovered by detecting the data carrier and the 
first sidebands. At a data rate of 300 bits per second and 
a data format of alternate mark and space, the first side- 
bands occur ±150 Hz from the carrier which is located 
halfway between the mark and space frequencies. There- 
fore, the minimum bandwidth for the receive bandpass 
filter is 300 Hz. Typically, frequencies within this 300 Hz 
bandwidth should undergo no greater than 0.8 millisecond 
change in group delay. Group delay is defined by: 



td : 



A<f> 1 
360°/cycle 



where 



= change in phase in degrees 
= change in frequency in Hz 



ripple (A max ), and stopband attenuation (A m j n ), 
to determine the order of the prototype lowpass 
filter. 

(3) From Table \ , determine the location of the pro- 
totype low pass filter poles opposite the deter- 
mined filter order. 

(4) From the lov/ pass filter poles, determine their 
natural frequs ncy (cj) and damping factor (£). 

(5) Transform th: low pass filter section parameters 
to cascaded second order bandpass filter design 
section Q and center frequency values. 

(6) Determine the active element operational ampli- 
fier gain by salving for center frequency loss and 
system filter passband gain (Ayo)- 

(7) Use each section Q, frequency, and gain to solve 
for the bandpass filter passive component values. 



To maintain less than 0.8 millisecond group delay at a 
data rate of 300 bits per second requires an overall filter 
bandpass of 400 Hz. This results in the low frequency 
pair (answer) filter passband being between 970 Hz and 
1370 Hz (6-pole, 0.5 dB ripple Chebyshev). 

Filter Design Steps 

The modem bandpass filter examples will be designed 
using the following procedural steps: 

(1) Determine the required prototype low pass filter 
shape factor from the passband width and stop- 
band attenuation. 

(2) Enter Table 1 with the shape factor, passband 

TABLE 1 — Complexity Nomograph for Chebyshev Filters IZverev) 



4 5 6 7 8910 




Step (1) - Filter Shape Factor 

Figure 1 1 shows a design example for a typical 6-pole 
answer modem receive filter design. From this data, it is 
possible to calculate i he filter shape factor (f2 s ) for the 
prototype filter. 

, F4 - F3 _ 2225 - 1 1 5 
F 2 -Fi 1370 - 970 



2110 

400~ 



■■ 5.28 



TABLE 2 — Pole Locations and Quadratic Factors 
is 2 + a-js * ao> for Chebyshev 0.5 dB Ripple Filter 



Order 


0.5 dB Ripple 


Poles 


"0 


a 1 


2 


-0.71281 




j 1.00404 


1.51620 


1.42562 


3 


-0.31323 




i 1.02193 


1.14245 


0.62646 




-0.62646 










4 


-0.17535 




i 1.01625 


1.06352 


0.35071 




-0.42334 




i 0.42095 


0.35641 


0.84668 


5 


-0. 1 1 1 96 




i 1.01 156 


1.03578 


0.22393 




-0.29312 




i 0.62518 


0.4767 7 
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-0.36232 
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-0.07765 




i 1.00846 
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0.15530 




-0.21214 
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-0.28979 
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i 1.00641 


1.01611 


0.1 1401 
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8 


-0.04362 
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i 0.56929 


0.35865 


0.37182 




-0.21929 
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(1) 
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FIGURE 1 1 - Answer Fitter Design Goals 



where : 

Fi = lower passband frequency in Hz 
F2 = upper passband frequency in Hz 
F3 = lower stopband frequency in Hz 
F4 = upper stopband frequency in Hz 



NOTE: 



F] and F2 are ripple bandwidth frequencies, 
i.e., gain down 0.5 dB. 



Steps (2) and (3) - Filter Order and Pole Location 

The second step of the filter design process was to deter- 
mine the complexity of the filter. To determine this com- 
plexity, the following information is required: 

1. The passband ripple, A max . 

2. The minimum stopband attenuation, A m jn- 

3. The ratio of the ripple bandwidth and the first fre- 
quency of minimum attenuation, shape factor J2 S . 

With A max = 0.5 dB, A min = -35 dB, and f2 s = 5.28 
enter the nomograph in Table 1 to determine the filter 
complexity or order. 

The nomograph is used by locating the passband ripple 
Amax a "d tne minimum stopband attenuation A m j n and 
drawing a line from A m ax through A m jn to the left-hand 
side of the graph. From this point, a horizontal line is 
drawn to an intersection of the vertical line value of fi s . 
The minimum complexity or order, n, will be the n curve 
that passes through or above this intersection. In our ex- 
ample, the order 11 equals 3. This implies that the low pass 
prototype filter will have 3 poles and, consequently, the 
final bandpass filter will have 3 pole-pairs. 

Table 2 gives the pole locations and quadratic factors 
for a third order 0.5 dB passband ripple Chebyshev low 
pass filter. 

The values obtained from Table 2 are: 



-0.31323 ±j 1.021 93 
-0.62646 + j0 
ao= 1.14245 
ai = 0.62646 



Complex conjugate pole 
Real pole 

Characteristic of non s term 
Characteristic of s term 



Step (4) - Lowpass Prototype Filter Natural Fre- 
quencies and Damping Factors 

Using the following relationships, solve for the natural 
frequencies (oj) and damping factors (£): 



+j 1.02193 




CJJ 



2X- 

2 = (1.02193)2 + (-0.31323)2 
= 1 .069 



(2) 
(3) 



also, oj] =0.31323 
_ 0.31323 
51 1.069 
i] =0.293 

GJ2 2 =(0)2 + (-0.62646)2 
W2 = 0.62646 

also, co2 12 = 0.62646 

H =1 



Step (5) - Filter Section Q and Center Frequency 

The complex conjugate pole of the low pass prototype 
is transformed into a pair of complex conjugate bandpass 
poles, whereas the real pole of the low pass prototype is 
transformed into a complex conjugate pair of bandpass 
poles. 



-x- 



pi, 1 x 
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>> 3 2 
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X p 3 



The bandpass filter will take on a form of three 2-pole 
bandpass filter sections in cascade. When bandpass sections 
are cascaded, each section center frequency and Q must be 
determined from the low pass damping factors (f) and 
natural frequencies (oj). 

Given: 

: 1.069,f] =0.293 
^ 970 Hz, F2= 1370 Hz 



where the s term equation = (s2 + a 1 s + arj) 



F| 

Then: 

F 

% 
Qo 



= v/F7F2 = 
- Fp 
F 2 -F] 

' 2.8819 



1 152.78 Hz (geometric center) (4) 
1 152.78 Hz 



400 



(Filter Q) 



(5) 
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><x-Y 



1 



F 3 = F = 1152.78 Hz 



(11) 



Yielding: 
Ql =9.345 

Section 2 is a reflected image about Ffj of section 1 for 
a 3 section cascaded filter (odd order). Recall that a third 
order low pass when transformed to a bandpass results in 
two pairs of complex poles (sections 1 and 2) from the 
low pass complex pole and one pair of complex poles 
(section 3) from the low pass real pole. 



Ql =Q 2 = 9.345 
For section 3: 



Q3 



Qo 



2.882 



?2 W 2 (1) (0.627) 
Center Frequencies: 

Fj = MFo 

where: 



■ 4.596 



Qo nA Qo ) 

= (0.293) (1.069) (9.345) 
2.882 



(7) 
(8) 
(9) 



Step (6) - Center Frequency Loss and Filter Passband 
Gain 

The gain produced by the active elements in the band- 
pass filter should overcome loss due to the stagger tuned 
filter sections. Each section of a cascade bandpass filter, 
except the section centered about coo. nas a ' oss as repre- 
sented by Equation 1 2. The overall filter center angular 
frequency coo (Equal ion 13), section Q, and section center 
angular frequency cot (Equation 14) are required to deter- 
mine each section's :enter frequency loss. Once the indi- 
vidual losses are determined, they are summed to arrive 
at the total cascaded filter loss Ayo (jtJO) 

This value is used in determining filter section gain such 
that the designed bandpass filter meets design gain goals. 
The receive filter block must amplify the minimum input 
line signal to a minimum required limiter input signal. 



A VO n (j"0) dB loss =: 20 lo S 



J S/ =) 

V (co n 2 - cjo 2 ) + ( "n"0 \ 
V Qn / 



cjo 



: 2 n t/FJfT 



1.069) (9.345)" 



(12) 

(13) 
(14) 



-1 



2.882 
M = 1.1932. 

f\ = (1.1932) (1152.78) = 1375.52 Hz 



The following will illustrate the use of Equation 12 to 
solve for the center frequency loss of the modem answer 
filter example. 
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v Rx F " -25 "IBm min S> 1070 -1270 Hz 
(Minimum Limiter Input) 



FIGURE 12 - System Level Constraints 
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Section 1 



cj = 2ttV(970) (1370) = 7.2431 x 10 3 rad/s (15) 
ojl = 2v (1375.52) = 8.6426 x 10 3 rad/s (16) 
Ql =9.345 



|Avoi(j"0) ldBloss = 201 °g 



(8.6426 x 10 3 ) (7.243 x 10 3 ) 



9.345 



\/j(8.642 x 10 3 ) 2 -(7.243 x 10 3 ) 2 j 2 + j( 8.642 x IP 3 ) (7.243 x 10 3 )J 



(17) 



• |AV01 <J"0) | dB loss = 20 lo « (0-2886) 

|AVOl(j"0)| dB loss = - ! 794 dB 
Section 2 



u>q = 7.243 x 10 3 rad/s 

W2 = 2tt(966.1) = 6.07 x 10 3 rad/s 

Q2 = 9.345 

|AV02 0"O) I dB loss = 20 lo & (0 2886) 
|A V O2(j"0)|dB loss 794 dB 

Section 3 

co = 7.243 x 10 3 rad/s 
W3 = 7.243 x 10 3 rad/s 
Q3 =4.596 

|AVO3(j"0)| dB loss =20l °S (1) 

|AV03 (j^O) | dB i oss = dB, due to co n = co 

The total filter center frequency loss is equal to the 
sum of all sectional losses. 



!AVO(j"0)| dB loss = (- 10 - 79 dB ' + 

(-10.79 dB) + (0dB) 

|Avo(j" )| dB loss = -21-58 dB 



(18) 



Figure 12 illustrates the design goals that are used to 
determine the receive filter passband gain for the answer 
only modem system. The answer filter provides 35 dB ot 
attenuation to 2225 Hz relative to the filter passband. 
This results in -34 dBm of unwanted signal level being 
present at the limiter input. To maintain a probability of 
error (P e ) < 1 x 10"5, a signal-to-noise ratio at the limiter 
input must be greater than +12.12 dB. The theoretical 
probability of error (P e ) curve for non-coherent FSK is 
determined by: 



P e = 1/2 e 



(19) 



where V s = signal level 
V n = noise level 
BW n = noise bandwidth (400 Hz) 
BW S = signal bandwidth (300 Hz) 

In calculating the voltage gain required by the receive 
active filter block, the following constraints should be 
considered: 

(a) The signal to noise performance required by the 
modem system. 

(b) The receive limiter minimum input level while 
providing less than ±4% deviation from a 50% 
output duty cycle. 

(c) The worst case receive input line levels. 



10.01 >21 1.7 k 



23.89 k 



1 



1 r\ 34.28 



Z0.O1 S303.75 



:O.01 S'25.72 



I |\ 14.24 k 

1/2MC1458 < 0.O1 <f ...... 



1/2 MC1458 



All capacitors are in MF. 



FIGURE 13a - Answer Filter Component Values 
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(d) At the maximum input line levels, the designed 
filter gain should not saturate any active stage of 
the filter. 



Section 1: 




700 800 900 1000 1100 1200 1300 1400 1500 1600' 
f. Frequency (Hz) 

FIGURE 13b - Answer Filter Gain and Group Delay 



The use of the MLM311 as a receive signal limiter 
provides 40 dB of signal gain while maintaining a limited 
output level having less than ±2% deviation from a 50% 
duty cycle with a -25 dBm applied input level (VRx F)- 

The telephone line receive level for the answer only 
example ranges between -12 dBm and -48 dBm. An active 
duplexer provides 6 dB of signal gain to these line levels 
resulting in filter input levels (Vr x q) between -6 dBm 
and -42 dBm. 

From the above information, the active filter must 
provide the following passband gain. 

AVO = |VRxDmin| - |VR x Fmax| (20) 
Ayo = 42 dB -25 dB = 17 dB passband gain 

The amount of operational amplifier gain used in the 
filter design is based on both the passband gain require- 
ments and the filter center frequency loss. 

AvOtotal = |AVO (passband)| + 

|Avo (center frequency loss)| (21) 

AvOtotal = 17 dB + 21 .58 dB = +38.58 dB 
This requires that each of the three filter sections pro- 
vide a gain of: 

+38 58 dR 

A V 0= J °. J0UD = +12.86 dB or 4.41 volts/volt. (22) 



Step (7) — Filter Component Values 

Now that each section gain, center frequency, and 
design Q is known, the actual filter component values can 
be calculated (reference Figure 9). 



F] = 1375.52 Hz 

co] = 8.6426 x 103 rad/s 

Ql = 9.345 

AVOl = 4.4 I (gain of section) 

C3 = C4 = 0.01 mF (using equal value capacitors) 



R5 (uncorrected) 



R] (uncorrected) = 



R2 (uncorrected) : 



2(9.35) 



2Q] = 

co,C 2tt(1375.5)(1 x 10-8) 

216.4 kf2 (23) 

R5 _ 216.4 k 
2AV01 2(4.41) 

24.5 kfi (24) 

RlR5 
4Q|2R]-R 5 

(24.5 k) (216.4 k) 
4(9.35)2(24.5 k) -216.4 k 



= 634.9 £1 



(25) 



These three resistor values, if used to initially imple- 
ment the first bandpass section, would not produce exact 
design goals. Filter lesponse will shift due to non-ideal 
operational amplifier parameters such as dc gain (AyOL)> 
gain bandwidth product (GBW).and input impedance (z, n ). 

To offset any shift in filter response, new values for 
selection Q,gain and frequency should be calculated taking 
into account the operational amplifier parameters. These 
corrected values will be used to obtain new values for 
R5, R], and R2, resulting in a filter response very near 
design goals. 

Corrected values for co n , Q n , and Avo n are calculated 
using the following MCI 458 operational amplifier param- 
eters. 

AyOL = 1 x 105 volts/volt 

GBW = 1 x 103 Hz, 6.283 x 106 rad/s 

Zj n - 1 X IBp ohms 



1 -Ql 



vGBWj 



cjCj = 8.755 x 103 rad/s, 1393.4 Hz 

Qr , = Qj 

QCl ,. Ql --IQi+fRi. 

_AVOL V-in 
Plugging in values we obtain: 
QC! =9.27 



-A J£Ll 
7 GBWj 



(26) 



(27) 



AVOC! = 



AV01 



L.AVOL Vin) GBVVj 



(28) 



AVOC] =4.43 
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Using these corrected values of section center frequency, 
Q, and section gain, solve for the corrected values of 
R], R2, and R5: 



R5 
R 5 = 

Ri = 

R 2 = 
R2 = 



2QC 



<JCi< 



2(9.27) 

(8.755 x 103)(1 x 10-8) 

R5 
2AVOC 

2.1 17 x 105 



= 211.7 kfi 



2 (4.43) 
R1R5 



= 23.89 kf2 



4QC| 2 Rl -R5 

(2.389 x 104) (2.1 17 x 1Q5) 



(29) 



(30) 



(31) 



4(9.27) 2 (2.389 x Iff*) - 2.1 17 X 105 
R 2 = 632.2 n 

Section 2 : 

F 2 = 966.1 Hz 

w2 = 6-07 x 10 3 rad/s 

Q2 = 9.345 

Ay02 = 4 -43 

C3 = C4 = 1 x 10-»F 

Solving as in Section 1 using Equations 23 through 31 , 
we obtain: 

CJC2 = 6.1255 x 103 rad/s, 974.9 Hz 

QC2 =9.30 , 

AVOC2 = 443 

R 5 = 303.75 

Rl = 34.28 ka 

R2 = 900.5 n 

Se ction 3 : 

F3 = 1 152.73 Hz 
cj3 = 7.243 x 103 rad/s 
Q3 = 4.596 
AV03=441 
C3 = C4 = 1 x 10-8 F 
Solving as in section 1 and 2, we obtain: 
WC3 = 7.281 x 103 rad/s, 1158.87 Hz 
QC3 = 4.58 
AVOC3 = 4.41 
R5 = 1 25.72 kn 
R) = 14.24 kn 
R2 = 1676.9 Q. 

The complete answer filter is shown in Figure 13a with 
the filter response and envelope delay curves shown in 
Figure 13b. If the filter is not optimum after construction, 
it may be fine tuned by the following method. 



In tuning filters, one of the most useful parameters is 
the.sensitivity of the filter to element variations. Sensitivity 
is defined as a measure of the dependence of a network 
upon the change of some parameter of the network. The 
sensitivities of importance to the multiple-feedback band- 
pass filter must relate Rj , R2, and R5 to their effect upon 
ojq and Q. These sensitivities are: 



rt "0 
l3 R 5 

r» ^o 
j3 R] 

rt ^o 
<3 R 2 

S R, 



-1/2 (ratio, no units) 

-1 

2(wo) 2 R1R5C3C4 

-1 

'2(coo) 2 R2R5C 3 C 4 

Ri 



2(Ri +R 2 ) 

. R2 
2(R, +R 2 ) 



-1/2 



-1/2 



(32) 
(33) 
(34) 

(35) 
(36) 
(37) 



In practice, R] > R2 such that 



Sir 
Sir- 



These sensitivities imply that to change section Q, R 2 
should be adjusted. If R2 were increased, for example 
20%, section Q will decrease 10%. Notice that the sensi- 
tivity of Q to changes in R2 and R5 is equal arid opposite 
in magnitude. This implies that if R2 and R5 are changed 
by the same percentage, but in opposite directions, section 
Q will not change. Also, as R5 is adjusted, it changes the 
section center frequency by a ratio of -1/2. 

Filter Tuning Procedure 

Section Center Frequency: 

(a) Increase/decrease- R5 for a corresponding de- 
crease/increase in section center frequency cjrj- 

(b) Increase/decrease R2 by the same percentage of 
increase/decrease applied to R5 in step (a) to 
maintain constant sectionQ. 

Section Q: 

(a) Increase/decrease R2 for a corresponding de- 
crease/increase in section Q. 



ORIGINATE FILTER DESIGN 

Basically, the originate receiving filter design procedures 
are identical to the answer filter example. The one major 
difference is that the filter center frequency is shifted 
to accept 2025 - 2225 Hz signals. One might also note 
that the second harmonics of the local transmit signals in 
the originate mode (1070 - 1270 Hz) fall within and just 
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values for the 6-pole originate receive filter are: 
Section 1 : 

Fi =2425.81 Hz 

Ql = 16.56 

AV01 = 4.48 

C3 = C4 = 1 x 10-8F 

Rl = 24.26 kQ. 

R2= 199.76 a 

R 5 = 217.258 kft 



Section2: 



F2 = 1985.62 Hz 

Q2= 16.67 

Av02 =4 -48 

C3 = C4 = 1 x 10-8F 

Rl =29.85 k 

R2 = 242.36 n 

R5 = 267.23 kn 




1600 1700 1800 1900 2300 2100 2200 2300 2400 2500 2600 
f, Frequency (Hz) 

FIGURE 14b - Originate Filter Gain and Group Delay 



Section 3 : 

F 3 =2154.01 Hz 
Q 3 = 8.32 
Ay03 = 4.43 
C 3 = C 4 =lxlO-8F 
R] = 13.88 kJ2 
R 2 = 458.85 n 
R 5 = 122.913 kSl 

The complete 6-pole receive originate filter is shown 
in Figure 14a, with the response and envelope delay curves 
shown in Figure 14b. 

8-POLE, -50 dB RECEIVE AND 4-POLE, -25 dB 
TRANSMIT FILTER DESIGN 

A complete full duplex modem system will most likely 
require operation with input signals down to -50 dBm at 
the line input. This requires a receive filter network having 
at least 8 poles to provide the necessary attenuation to 
adjacent duplex channel interference and a local transmit 
filter having 4 poles to provide 25 dB local transmit signal 
harmonic rejection. The construction of an 8-pole or 4-pole 
filter takes on the same cascaded form as the illustrated 



RECEIVE ORIGINATE 



Section 


1 




2 


3 


4 


R-, (SI) 


31.42 




39.54 k 


14.71 k 


16.1 k 


R 2 (Si) 


146.8 




181.15 


432.32 


R 5 (Si) 


288.64 


k 


363.27 k 


132.15 k 


144.66 k 


RECEIVE ANSWER 


Section 


1 




2 


3 


4 


R, (SI) 


31.08 




46.34 k 


14.51 k 


17.1 k 


R 2 (ft) 


468.48 




690.57 


1397. 34 


1643.88 


R 5 <Sl) 


283.33 


k 


422.31 k 


131.38 k 


154.8 k 



TRANSMIT ORIGINA 


rE 


TRANSMIT ANSWER 


Section 


1 








Section 


1 


2 


R-l (SI) 


15.73 k 


20.E 


6 k 




Rl (Si) 


16.17 k 


18.78 k 


R 2 (SI) 


1218.55 


1586 


.55 




R 2 (Si) 


366.95 


423.79 


R 5 (SI) 


130.47 k 


170. 


17 k 




R 5 (Si) 


133.25 k 


154.81 k 


Note: All Capacitors 


- o.b 


1 MF 









FIGURE 15 - 8-Pole,-50 dB Receive and 4-Pole, 
-25 dB Transmit Filter Values 



24.3 k 
o— ViA^ 



10.01 >217.3 k 



lr«. 29.85 



e 1/2 MC1 

199 .8 > 



29.85 k 
458 > 



0.01 I 



1 1 



1/2 MC1458 
458.9 



> 0.01 1 1 

> 1/2MC14e 



All capacitoi s are in mF- 



FIGURE 14a - Originate Filter Component Values 
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AUTOMATIC ANSWER/ORIGINATE MODEM SYSTEM 

The filter design for a fully automatic answer/originate 
modem system must have switchable bandpass character- 
istics. By tabulating the previous component values for 
both the answer and originate filters, one can draw some 
conclusions on how to best switch the filter from one range 
to the other. The following example uses the previous 
derived values for the 6-pole receive filter. Figure 1 6 indi- 
cates that switching in different values of R2 for all three 
sections and a different value for R5 in the second section 
would provide the required switchable answer/originate 
filter. By adjusting the non-switched resistors to the average 
value between the answer and originate filter values, the 
more accurate the first switchable filter prototype will be. 
A semiconductor switch is used to switch values of R2, and 
operates in shunt to ground. The best choice for the shunt 
switch is to use a low on-resistance bipolar device such as 
the 2N3904. For switching R5 of section 2, a high off 
resistance device is required due to the high series resistance 
in the feedback path of the operational amplifier. An 
MFE2005 N-channel junction FET was selected to do this 
job. Figure 17a illustrates the fully automatic answer/ 
originate switchable filter system. Also shown are the 
transmit buffer, duplexer, threshold detector, limiter, and 
mode control level translator sections. The level translator, 
which provides the correct on/off voltage levels to the 
bipolar FET switches, receives its answer/originate com- 
mand from the MC6860 modem mode control output pin. 



The measured response and envelope delay for the switch- 
able 6-pole receive filter design is shown in Figure 1 7b. 

Figure 18 illustrates the complete modem system with 
the RS-232 interface to the CBS data coupler, and the 
direct interface to a CBT data coupler. Automatic dis- 
connect option inputs are handled by PC board mounted 
switches. The complete automatic modem, less the power 
supply, may be easily constructed on a single 4x5 printed 
circuit board. 



CONCLUSION 

A low-speed modem design has been presented using 
the MC6860 LSI MOS digital Modem integrated circuit. 
Included has been a system design example using filter 
design tables and equations to develop a complete modem 
system. Also included have been component values for 
filter designs which may be used to develop full duplex 
modem systems. 

The availability of this LSI modem circuit along with 
the presented filter designs should provide a very useful 
building block for the OEM modem and terminal designers 
by providing him precise digital modulation, demodulation, 
and supervisory control. The modem designer will find 
that a design approach using the MC6860 modem will 
also provide an impressive system size reduction as well as 
a better price-performance choice for his present and 
future low speed modem designs. 









Average 








Answer 


Originate 


or 


Answer 


Originate 


Resistor 


1070-1 270 Hz 


2025-2225 Hz 


A Value 


Switched 


Switched 


"11 


23.89 k 


24.26 k 


24.08 k 


24.1 k 


24.1 k 


B 21 


632 2 


199.76 


• 432.4 


632 


200 


R 51 


21 1.7 k 


217.26 k 


214.48 k 


214.5 k 


214.5 k 


R 12 


34.28 k 


29.85 k 


32.07 k 


32.1 k 


32.1 k 


R 22 


900.5 


242.36 


A 658.2 


900 


242 


R 52 


303.75 k 


267.23 k 


6 36.5 k 


304 k 


267 k 


R 13 


14.24 k 


13.88 k 


14.06 k 


14.06 k 


14.06 k 


R 23 


1676.9 


458.85 


1218.05 


1677 


459 


R 53 


125.72 k 


122.91 k 


124.32 k 


124.3 k 


124.3 k 



FIGURE 16 - Switchable Modem Filter Values 
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All Capacitors are in uF. 
C3n. C 4n " 0.01 juF ± 1* 
Resistors R 1 1 thru R53 are 1 1%. 
R1 1 = 24.1 kfl R12 ■ 32.1 kO 

R21A= 200 !1 R22A = 242 S2 

R21B- 432 n R22B- 658 II 

R51 - 214.5 kS2 R52A = 267 kfi 



R52B - 37 kS2 
R13 = 14.06 kS2 
R23A = 459 !2 
R23B - 1218 n 
R53 - 124.3 kS2 



500 1000 1500 2000 2500 3000 

f, Frequency (Hz) 



FIGURE 17a - Switchable Filter/Duplexer 



FIGURE 17b - Switchable Filter Response 
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FIGURE 18 - Modem System 
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DEVICE OPERATION AND SYSTEM IMPLEMENTATION 
OF THE ASYNCHRONOUS COMMUNICATIONS 
INTERFACE ADAPTER (MC6850) 



Prepared by 
Karl Fronheiser 

Computer Applications Engineering 

This application note prcvides ACIA 
operational information beyond that in- 
cluded in the data sheet, specifically, 
information on power-on eset/master 
reset operation and status register opera- 
tion. System implementation examples 
and their associated software are also 
illustrated and discussed. Oie of these 
examples is a data communication appli- 
cation using the MC6860 Mocem. 
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DEVICE OPERATION AND SYSTEM IMPLEMENTATION OF THE 
ASYNCHRONOUS COMMUNICATIONS INTERFACE ADAPTER (MC6850) 



INTRODUCTION 

Microcomputer systems must be provided with an 
efficient means of communicating with peripheral equip- 
ment such as modems, teletypes, CRT terminals, and 
keyboard/printers. The microcomputer manipulates paral- 
lel data byte information at high speeds relative to the 
slow speed asynchronous data format required for com- 
municating with peripherals. Therefore, an efficient inter- 
face adapter to convert the processor parallel data byte 
information into a serial asynchronous data format and 
vice-versa is a highly desirable system function. This 
relieves the microprocessor of this time-consuming task. 
A device providing the above data formatting/interface 
function is the MC6850 Asynchronous Communications 
Interface Adapter (AC1A). One side of the AC1A is directly 
compatible with Motorola's MC6800 (MPU) micropro- 
cessor bus while the other side is compatible with peri- 
pherals that use an asynchronous data format. 

The asynchronous data format characteristics are used 
by the ACIAto establish bit and character synchronization 
in the absence of a clock that has been pre-synchronized 
to the data. An asynchronous data format consists of a 
serial bit stream with the data bits preceded by a start bit 
and followed by one or more stop bits. The ACIA con- 
verts a character which was serially received from peripheral 
equipment to a parallel byte with the start, stop, and 
parity bits deleted from the character. Also, the parallel 
bytes from the microprocessor are converted to a serial 
form with start, stop, and optional parity bits appended to 
the character. Performing these functions in hardware 
outside of the processor enables the microprocessor to 
more efficiently communicate with peripheral equipment 
by using a minimum of software overhead. 

The ACIA consists of control, status, transmit data 
and receive data registers; data bus buffers; transmit and 
receive shift registers; and peripheral control as shown in 
the block diagram of Figure 1. Since basic operational 
information on the ACIA is contained in the ACIA data 
sheet, this application note will provide additional infor- 
mation to supplement the data sheet with a minimum of 
repetitive information. The first section of this note pro- 
vides a description of the operation of the transmitter and 
receiver portions of the ACIA with reference to appropriate 
timing diagrams. The second section covers the aspects of 
the power-on and master reset functions for initialization 
of the ACIA. The third section covers a detailed description 
of the ACIA status register bits. The fourth section covers 



a system implementation of the ACIA as a data communi- 
cations link in a microcomputer based system. The last 
section provides examples of the software requirements for 
initializing the ACIA, and the transmit/receive subroutines 
for the transmission of data. Additional application infor- 
mation on Motorola's MPU family is available in the 
"M6800 Microprocessor Applications Manual." 

TRANSMITTER/RECEIVER OPERATION 

This section covers the internal transmitter/receiver 
operation of the ACIA as well as the timing relationship 
between characters being transmitted or received and 
their associated status register bits. It should be noted 
that prior to the transmission and/or reception of data, 
the ACIA must be initialized as described in the "Power- 
on Reset/Master Reset" section. 

Data is transferred to/from the four internal registers 
of the ACIA on the trailing transition (negative edge) of 
the signal on the enable input (E). For example, a write 
data command (RS = 1 , R/W = 0) transfers data into the 
transmit data register on the trailing transition of the enable 
input signal. In a typical MPU based system, the enable 
input signal is generated from the ANDing of the Valid 
Memory Address (VMA) and 02. 

Transmitter 

In a typical transmitting sequence, a character is written 
into the Transmit Data Register (TDR) if a status read 
operation indicated the TDR was Empty (TDRE). The 
write data command (trailing edge of the enable pulse) 
causes the TDRE status bit to go "low" indicating a 
transmitter data register full condition. During an idling 
(absence of data transmission) condition, the transfer of 
data from the TDR to the transmit shift register will take 
place within one data bit time. This results in a delay (due 
to internal operation of the ACIA) in the transmission of 
the character from the Transmit Data Output with respect 
to the write data command of one to two data bit times 
as shown in Figure 2. The trailing edge of the internal 
transfer signal returns the TDRE status bit to a "high" 
level indicating a Transmitter Data Register empty con- 
dition. The transmitter shift register serializes the data and 
transmits the data bits, starting with data bit DO, preceded 
by a start bit and followed by one or two stop bits. Also, 
internal parity (odd or even) can be optionally added by 
the ACIA and will occur between the last data bit and 
the first stop bit. 
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FIGURE 1 - ACIA Block Diagran 
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FIGURE 2 — Transmitter Asynchronous Operation 
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The start, data, and stop bits are shifted out of the 
transmit shift register on the negative transition of the 
external transmit clock which is coincident with the 
negative transition of the internal clock. Selection of the 
external clock frequency is based on the data transmission 
rate and clock division ratio of the AC1A. For example, a 
data transmission rate of 300 bits/s requires an external 
clock frequency of 300 Hz in the *1 mode and 4800 Hz 
in the +16 mode (16 times the data rate). There is no 
requirement on the duty cycle of the transmitter clock 
except with respect to the minimum clock pulse width 
specification listed on the data sheet. 

After the first character has been loaded into the TDR, 
the status register can be read again to check for a Trans- 
mit Data Register empty condition and the current 
peripheral status. If the transmit data register is empty, 
another character can be written into the TDR even 
though the first character is still being shifted out of the 
shift register, due to double buffering being used within 
the AC1A. Referring to Figure 2, the second character is 
transferred to the transmit shift register during the last 
stop bit time of the first character resulting in a contigious 
transmission of characters (isochronous transmission). If 
the second character is not written into the TDR prior to 
the last stop bit time of the character being transmitted, 
the transmitter will return to an idling condition at the 
end of that character time. 

During the transmission operation, word length and 
stop bit select may be changed any time except during 
the internal transfer time without affecting the character 
being transmitted. The even/odd parity select will imme- 
diately affect the character presently being transmitted. 



Also, changes in word length and parity select will effect 
the reception of data by the receiver. 

Since the control register containing the above functions 
is common to both the transmitter and receiver sections, 
these functions for the transmitter must be changed when 
the receiver is not receiving data, i.e., idling. This control 
register consideration must also be adhered to for trans- 
mission between a local transmitter and a remote receiver. 

Receiver 

In many asynchronous data communications systems, 
the data is transmitted in a random manner without any 
additional synchronization signal. Therefore, the start and 
stop elements of the asynchronous characters are used to 
establish both bit and character synchronization. The 
receiver generates an internal clock that is synchronized 
to the data from an external clock source (Rx Clock). 
As with the transmitter portion, the selection of the 
external clock frequency is based on the received data 
transmission rate and clock division ratio of the ACIA. 
For example, a data transmission rate of 300 bits/s requires 
an external clock frequency of 4800 Hz (16 times the 
data rate) in the +16 mode, and 19,200 Hz (64 times the 
data rate) in the +64 mode. (The +1 mode requires external 
synchronization and is explained separately in a following 
paragraph.) 

Bit synchronization in the +16 and +64 modes is ini- 
tiated by the leading mark-to-space transition of the start 
bit. The start bit on the receiver data input is sampled 
during the positive transitions of the external clock as 
shown in Figure 3. If the input remains at a "low" level 
for a total of 9 separate samplings in the +16 mode or 
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33 samplings in the H-64 mode, which is equivalent to more 
than 50% of a bit time, the bit is assumed to be a valid 
start bit. This start bit is shifted into the shift register on 
the negative edge of the internal clock. Once a valid start 
bit has been detected, bit and character synchronization 
are obtained and the remaining bits are shifted into the 
shift register at their approximate midpoints. 

If the receiver input returns to a mark state during the 
start bit sampling period, this false start bit is ignored and 
the receiver resumes looking for the mark-to-space tran- 
sition of a valid start bit; this technique is referred to as 
false start bit deletion. The ACIA monitors the start bit 
on an incremental sampling basis rather than on a con- 
tinuous sampling basis. This technique is a desirable 
feature for operation within a noisy environment and 
stems from the fact that a noise pulse occurring anywhere 
in a continuous sampling technique would initialize the 
monitoring logic; whereas in an incremental sampling tech- 
nique, the noise pulse must occur during the sample 
to initialize the monitoring logic. The receiver will repeat 
this process for synchronization of each character in 
the message. 

Divide-by-1 mode selection will not provide internal 
bit synchronization within the receiver. Therefore, the 
external receive clock must be synchronized to the data 
under the following considerations. The sampling of the 
start bit occurs on the positive edge of the external clock 
and the start bit is shifted into the shift register on the 
negative edge of the external clock, as shown in Figure 4. 
For higher reliability of sampling, the positive transition 
of the external clock (sampling point) should occur at the 
approximate midpoint of the bit interval. There is no 
requirement on the duty cycle of the external receive 
clock except that the clock must meet the minimum 



pulse width requirement as noted on the ACIA data sheet. 

After the start b:t has been detected, the remaining 
portion of the diameter being received is checked for 
parity, framing, and overrun errors. The complete reception 
of the character produces a "high" on the Receiver Data 
Register Full (RDRF) status bit, indicating that the receiver 
data register is full (Figure 5). The received character is 
transferred to the Receive Data Register (RDR) with the 
start, stop, and parity bits stripped from the character. 
At the same time, any receive data errors (parity, overrun, 
framing) are available in the status register in accordance 
with the status register definitions. The RDR is oriented 
such that the first data bit received is available on the DO 
output. The receiver is double buffered so that one 
character may be rei.d from the data register as another 
character is being received in the shift register. During the 
reception of data characters, the absence of the first stop 
bit of the character will not result in the receiver losing 
character synchronization but will indicate a framing 
error. The above receive process is repeated for each 
character in the total message. 

POWER-ON RESET/MASTER RESET 

The ACIA contains an internal power-on reset circuit 
to detect the power line turn-on transition and to hold the 
ACIA in a reset stale until initialization is complete to 
prevent any erroneois output transitions from occurring. 
In addition to initializing the transmitter and receiver 
sections, the power-on reset circuit holds the CR5 and 
CR6 bits of the con trol register at a logic and logic 1 , 
respectively. When CR5 = and CR6 = 1 as defined by 
the ACIA data sheet, the Request-to-Send (RTS) output 
is held "high" and [in interrupt from the transmitter is 
disabled. The power-on reset logic is sensitive to the shape 
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TABLE 1 — Reset Functions 
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of the Vrjrj power supply turn-on transition. To insure 
correct operation of the reset function, the power turn-on 
transition must have a positive slope throughout its 
transition. The conditions of the status register and other 
outputs during a power-on reset or software master reset 
are shown in Table I. 

The internal ACIA power-on reset logic must be released 
prior to the transmission of data by performing a software 
master reset function via the control register. Control 
Register bits CRO and CR1 are used to program a master 
reset condition while the remaining control register bits 
provide other functions in accordance with the ACIA data 
sheet. The internal power-on reset logic will inhibit any 
change in bits CR5 and CR6 of the control register. There- 
fore, the control word that generates the master reset 
function clearing the internal power-on reset will not 
change the RTS output or the Internal Transmit Interrupt 
Enable (TIE), as reflected in Table I. Also, the state of 
the Receiver Interrupt Enable (RIE) bit of the control 
register has no external effect because the receiver is 
initialized by the master reset function. 

After master reset of the ACIA, the programmable 
control register can be set for a number of options such 
as variable clock divider ratios, variable word length, one 
or two stop bits, parity (even, odd, or none). Also, bits 
CR5 and CR6 of the control register are no longer inhibited 
and can now be programmed for several options as defined 
on the ACIA data sheet. 

During the initialization of the ACIA, the master reset 
function can be optionally used to establish a communi- 
cations link without generating an interrupt from the 
transmitter or receiver sections. For example, the first 
control word, XXXXXX11-LSB (X = don't care) resets 
the power-on reset logic. To maintain a reset condition, 
the second control word, X01XXX1 1-LSB holds the trans- 
mitter and receiver in a reset state and produces a "low" 
on the RTS output. The RTS output may be used to enable 
a local modem. The local modem, upon detection of a 
remote modem's carrier, will generate a "low" on the 
Clear-to-Send (CTS) input of the ACIA. Since the CTS bit 
of the status register reflects the present status of the 
CTS input, the establishment of the communications link 
can be verified by reading the status register of the ACIA. 
For a more detailed description of this system application, 
refer to the system implementation section. 



STATUS REGISTER 

ACIA status information is available to the MPU through 
the bus interface by means of the ACIA Status Register. 
Status information comes from three sources: the receiving 
section, the transmitting section, and the peripheral 
status inputs. 

Receiver Status 

Receive Data Register Full (RDRF), Bit - A logic 
"high" level on the RDRF bit indicates that data has been 
transferred to the Receive Data Register and that the 
received data can be read from the ACIA. Reading the 
Receive Data Register causes the RDRF status bit to go 
"low", as shown in Figure 5. A "low" on the Data Carrier 
Detect (DCD) input enables the RDRF status bit to be 
generated from a Receive Data Register full condition. A 
"high" on the DCD input or a master reset condition will 
force the RDRF status bit to a "low" state until the 
DCD input returns to a "low" state. This is independent 
of the state of the status register DCD bit. 

Transmitter Status 

Transmit Data Register Empty (TDRE), Bit 1 - The 

write data command (see Figure 2) causes the TDRE status 
bit to go "low", indicating a data register full condition. 
An internal transfer signal transfers the data from the 
Transmit Data Register to the Transmit Shift Register and 
causes the TDRE bit to go "high", indicating a Transmit 
Data Register Empty condition as shown in Figure 2. The 
TDRE bit contains the present status of the Transmit 
Data Register when the Clear-to-Send (CTS) input is in 
a "low" state. 

Peripheral Status 

Data Carrier Detect (DCD), Bit 2 — A "high" level on 
the DCD input, indicating a loss of carrier causes: (1) the 
DCD status bit to go "high"; (2) the RDRF bit to be inhib- 
ited ("low"); and (3) immediate initialization of the 
receiver. When the Receive Interrupt Enable (RIE) is set, 
a loss of carrier will cause: (1) an interrupt to occur (IRQ 
output goes "low"), and (2) the IRQ status register bit 
to go "high". The characteristics of the DCD status bit 
and the associated IRQ status bit are as follows, with 
reference to the six segments in Figure 6, where each 
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FIGURE 6 - Data Carrier Detect Variations 



segment represents a specific condition. (Note: The IRQ 
output is the inverse logic level of the IRQ status bit.) 
Segment (1) — A master reset of the ACIA resets the 
interrupt status bit (IRQ) generated by a loss of carrier. 
Segment (2) — If the DCD input goes "high" during a 
master reset condition, the DCD status bit will reflect 
the state of the DCD input. Segment (3) — After an 
interrupt has occurred frdrn a loss of carrier, the IRQ and 
DCD status bits (provided the DCD input has returned to 
a "low" level) are reset by first reading the Status Register 
and then reading the Data Register. Segment (4) — If the 
DCD input remains '"high" after a read status and a read 
data, the IRQ bit will be cleared but the DCD status bit 
remains "high" and will follow the state of the DCD input. 
Segment (5) - If a read status occurs when the DCD input 
is "low" followed by a loss of carrier (DCD input goes 
"high") prior to the read data command, this read data 
command will not reset either the IRQ or DCD status bits. 
The next read status followed by a read data will reset the 
1"RQ status bit. Segment (6) - A transition of the DCD 
input during a read status or read data command is not 



recognized until the railing edge of the read command. 
The DCD input to the ACIA must be tied "low" if it is 
not used. 

Clear-to-Send (CTi), Bit 3 - The CTS status bit con- 
tinuously reflects the state of the CTS input. A "high" 
on the CTS input will inhibit the TDRE status bit and 
associated interrupt status bit (IRQ). The CTS input has no 
effect on a charactei being transmitted from the shift 
register or the character in the Transmit Data Register 
(the transmitter is not initialized). Also, the CTS bit is not 
affected by a master reset. The CTS input to the ACIA 
must be tied "low" if it is not used. 

Framing Error (FE), Bit 4 — A framing error indicates 
the absence of the first stop bit of a character resulting 
from a loss of character synchronization, faulty trans- 
mission, or a "break" (all spaces) condition. If one of the 
above conditions is present, the internal receiver transfer 
signal will cause the FB bit to go "high". The next internal 
transfer signal will caase the FE status bit to be updated 
for the error status of the next character, as shown in 
Figure 7. A "high" cm the DCD input or a master reset 
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will disable and reset the FE status bit. 

Overrun Error (OVRN), Bit S — A "high" state on the 
OVRN status bit indicates that a number of characters 
were received but not read from the Receive Data Register, 
resulting in the loss of a character/or characters. The OVRN 
status bit is set when the last character prior to the overrun 
condition has been read. The read data command forces 
the RDRF and OVRN status bits to go "high" if an 
overrun condition exists. The next read data command 
causes the RDRF and OVRN status bits to return to a 
"low" level. During an overrun condition, the last character 
in the Receive Data Register that was not read subsequent 
to the overrun condition is retained since the internal 
transfer signal is disabled. Figure 8 illustrates the timing 



read cycle because no automatic status reset will occur. 
The response of the system to a status word will depend 
upon the status bit read. Should a status change not be 
registered, it can be read during the next read status cycle. 

SYSTEM IMPLEMENTATION 

In a microcomputer based system, an address map of 
the system identifies the block of memory allocated for 
the system program, stack storage location, interrupt 
locations, peripheral addresses, etc. The ACIA requires 
two addresses in the MPU system for addressing its four 
registers: control, status, transmit, and recieve. To select a 
register within the ACIA requires the appropriate logic 
levels on the chip select inputs (CSO, CS1, CS2), register 
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FIGURE 8 - Overrun Error 



events during an overrun error condition. A "high" state 
on the DCD input or a master reset disables and resets 
the OVRN status bit. 

Parity Error (PE), Bit 6 - If the parity check function 
is enabled, the internal transfer signal causes the PE status 
bit to go "high" if a parity error condition exists. The 
parity error status bit is updated by the next internal 
transfer signal, as shown in Figure 7. A "high" state on 
the DCD input or a master reset disables and resets the 
PE status bit. 

Interrupt Request (IRQ), Bit 7 - A "high" level on 
the IRQ status bit may be generated from three sources: 
transmitter, receiver, and loss of carrier, (a) Transmitter - 
if the transmitter interrupt enable (TIE) is active, the 
state of the TDRE status bit is reflected by the IRQ status 
bit (refer to TDRE, Bit 1); (b) Receiver - if the internal 
receiver interrupt enable (R1E) is active, the state of the 
RDRF status bit is reflected by the IRQ" status bit (refer 
to RDRF, Bit 0); (c) Data Carrier Loss - a loss of 
.carrier (logic "high" level) on the DCD input generates 
an interrupt on the IRQ status bit if RIE is active (refer 
to DCTJ, Bit 2). 

The above status information is accumulated in a ran- 
dom asynchronous manner. Because of the asynchronous 
nature for updating status, it is possible that the status 
word will change before, during, or after the reading of the 
status register. This presents no problem during a status 



select input (RS), and read/write control input (R/W). 
The R/W output line provided by the MPU (MC6800) is 
used to control writing to and reading from peripheral 
interface devices or memory. In addition, the R/W control 
selects one of the read or write registers in the ACIA. A 
combination of the chip selects and register select inputs 
can be used to minimize the amount of address decoding 
logic required for each peripheral. For example, the four 
Boolean combinations of address lines A14 and A1S select 
blocks of memory locations as shown in Figure 9. Assigning 
these blocks specific functions such as RAM, ROM, and 
peripheral devices forms a memory map of the system. In 
this example, the peripheral devices are assigned to addres- 
ses between 8000 and BFFF (hexadecimal notation). 
Assigning address bit A15 to CSO and address bit A14to 
CS2 selects a peripheral device when A1S = "1" and 
A14 = "0". Since the ACIA requires two addresses, the use 
of address bit AO for the RS input assigns two consecutive 
addresses for selection of the ACIA's four internal registers. 
Connecting the CS1 input to one of the other address lines 
allows the selection of 1 3 different peripherals without any 
additional decoding logic. 

The peripheral side of the ACIA provides a means by 
which a microcomputer can efficiently control a peripheral 
device requiring an asynchronous serial data format. This 
format is generally used in (but not confined to) low and 
medium transmission rate systems - 1800 bps and below. 
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A teletype is an example system which has a transmission 
rate of 1 1 bps or 1 char/s. An interface device is required 
between a teletype and an ACIA to convert the TTL 
compatible levels of the ACIA to the 20 mA current loop 
of the teletype. A non-complemented data teletype inter- 
face requires an optical coupler (4N33) with the addition 
of logic inverters, as shown in Figure 10. Other teletype 



The ACIA provides ; means to control a modem for the 
transmission of data to and from a remote terminal, such 
as a teletype, over the telephone lines. The modem function 
can be implemented with a low speed modem, MC6860, 
as shown in Figure 12. The MC6860 modem uses a 
frequency shift keying (FSK) technique for the trans- 
mission of data up to a maximum data rate of 600 bps. A 




options such as RS-232 can be easily interfaced to the 
ACIA with RS-232 interface devices (MC1488, MC1489), 
as shown in Figure 1 1 . 
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FIGURE 11 - RS-232 Interface 



- Teletype Interface 

typical system consists of a local modem and a similar 
modem at the remote terminal. The local modem con- 
verts the digital data f om the ACIA to analog form for 
transmission over the telephone lines. Likewise, analog 
data received from the remote modem is converted back 
to digital form by the local modem for use by the micro- 
computer system via the ACIA. Refer to application notes, 
AN-731,AN-747andth: MC6860 data sheet for a detailed 
description of the modem and its operation. 

Since the MC6860 does not provide automatic dialing, 
the telephone channel must be established by manual means 
or through the use of external automatic dialing equip- 
ment. The procedure f:>r accomplishing the handshaking 
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FIGURE 12 - ACIA to Modem Interface 

between the local modem and remote modem after the 
telephone channel has been established is as follows. 
Under program control, the local modem is enabled via 
the Request-to-Send (RTS) output of the ACIA which is 
connected to the Data Terminal Ready (DTR) input of the 
modem. Since the remote modem has answered the phone 
due to a ring detection, it has transmitted back a hand- 
shaking carrier frequency to the local modem. Upon the 
detection of the remote modem carrier frequency, the local 
modem enables its Clear-to-Send (CTS) output. The CTS 
output of the modem is tied directly to the CTS input 
of the ACIA and the state of this input is available as a 
status bit. Therefore, under program control, the com- 
pletion of the handshaking between the local and remote 
modem can be verified by reading the status register. 
After modem handshaking is completed, data can be trans- 
mitted and received over the telephone lines under program 
control of the microcomputer system. Since a low speed 
modem such as the MC6860 provides only a CTS output, 
the CTS and DCD inputs of the ACIA in this example 
were tied together such that a communications link dis- 
connect could be detectable in either the transmitting or 
receiving subroutines. The software section of this note 
provides additional information on the handling of the 
CTS and DCTJ status bits. 

Medium speed modem systems may independently 
utilize both the CTS and DCD inputs. In a four wire system, 
the CTS input indicates the status of a transmit-only pair 
of wires and the DCD input indicates the status of a receive- 



only pair of wires. Also, in a four wire system, the loss of 
channel establishment on one pair of wires does not pre- 
vent the unidirectional transmission of data on the other 
pair of wires. 

In either a low speed or a medium speed modem system, 
the RTS output of the ACIA should not be taken "high" 
until the last character is completely received by the 
remote system. However, the ACIA does not provide a 
word complete output indicating that the last character 
loaded has been completely transmitted out so that the 
modem may be disabled. The word complete function can 
be generated by loading a "dummy" character into the 
ACIA and then reading the status register for a transmit 
data register empty condition indicating that the "dummy" 
character has been transferred to the shift register. This 
provides an indication that half the stop bit of the last 
data character has been completely transmitted. Taking 
the RTS "high" does provide a means for disabling the 
local modem, but care should be taken to ensure that the 
last character has been read by the remote system prior 
to disabling the modems. 

As the microcomputer system is expanded with more 
peripheral devices requiring more processing time, it be- 
comes increasingly difficult to service each peripheral in 
the time available. One method to increase the efficiency 
of the system is to use an interrupt driven system. In an 
interrupt driven system, each interface adapter of the MPU 
family has an interrupt output (IRQ) that is wire-ORed to 
the other interface adapters to generate a common inter- 
rupt to the MPU. An interrupt from any of the interface 
adapters causes the MPU to jump to an interrupt address 
after it has finished processing its present instruction. The 
contents of the interrupt address contains the address of 
the subroutine to service the interrupt. The MPU then 
executes the interrupt routine, which samples the status 
register of each interface adapter. The ACIA provides an 
IRQ status bit thfct is located in the D7 position of the 
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status register (sign position for numbers) such that 
only one MPU instruction, BMI (Branch if minus), is 
required to determine if the transmitter or receiver portion 
of that particular AC1A was generating the interrupt. 
Once it is determined that an ACIA is generating the 
interrupt, the TDRE and RDRF status bits can be checked 
within their individual subroutines to determine the specific 
reason for interrupt. The control register can be program- 
med to inhibit an interrupt from either the transmitter 
or receiver portions depending on the intended use of 
the ACIA. 

An MC1441 1 CMOS Bit Rate Generator (BRG), which 
has 16 standard communication clock rates available, pro- 
vides a clock source for the ACIA. The receiver and trans- 
mitter sections of the ACIA have separate clock inputs to 
provide independent transmission rates, if desired. 

SOFTWARE 

Since the internal registers of the ACIA and other 
MPU interface adapters look like memory locations to 
the MPU, there is no need for special instructions in the 
MPU instruction set when using interface adapters. The 
MPU instructions most commonly used for writing infor- 
mation into the ACIA and reading information out of 
the ACIA are the store (STA) and load (LDA) instructions, 
respectively. A store instruction causes the read/write 
(R/W) output of the MPU to go "low" while a load 
instruction causes the R/W output to go "high". Assigning 
consecutive addresses with address bus bit AO tied to the 
ACIA Register Select input (RS) along with the R/W input 
allows access of one of the four ACIA internal registers in 
accordance with Table II. For example, an STA instruction 
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TABLE 2 - ACIA Register Selection 

to address 8400 (hexadecimal notation) performs a write 
to the ACIA control register whereas an LDA instruction 
to the same address performs a read of the ACIA 
status register. 

Software Initialization Routine 

The ACIA must be initialized prior to transmitting and 
receiving data. During a power-on transition, an internal 
power-on chip reset (latch) holds the IRQ output "high" 
to prevent the ACIA from interrupting the MPU or trans- 
mitting erroneous information(Ref. Table I). The power-on 
reset function is released by master resetting the ACTA. 
A master reset is accomplished by storing a word with 
bits BO and Bl equal to "one" into the Control Register. 
After master resetting, the control register is programmed 
to set the counter divide ratio, word length, parity, inter- 



rupt control, etc., which completes the initialization of 
the ACIA. 

Transmit and Receive Software Routines 

After completion of initialization, the ACIA can then 
be used for transmitting and receiving data. Due to the 
length of data messages, the transmission of data is 
normally handled in subroutines to reduce the duplication 
of instructions. Typical examples for transmit and receive 
subroutines, flow diigrams, and source statements are 
shown in Figures 13 and 14, respectively. 

Referring to the transmit subroutine, the contents of 
the ACIA status register are loaded into the accumulator 
of the MPU. Under program control, a character is stored 
into the ACIA for transmission if the transmitter data 
register is empty. Control is then returned from the sub- 
routine back to the main program by an RTS instruction. 
If the transmitter data register is not empty (TDRE = 0) 
indicating the transmit data register is full or that the CTS 
input is "high", inhibiting the TDRE status, the CT5 
status information which was previously loaded into the 
accumulator should be checked for its condition. This 
step is not required when the CTS input is permanently 
held "low". In a system using a modem, a "high" on the 
CTS input indicates that the modem data carrier is not 
present or was lost, requiring the re-establishment of the 
communications channel. A "low" on the CTS status 
register bit indicates tie TDR is full and allows the status 
register to be re-read in a loop manner until the TDR 
becomes empty. When a TDR empty indication occurs, the 
character stored in tie TDR and control is returned to 
the main program. 

Referring to the receive subroutine, there is a similarity 
of its flow diagram to the transmit routine. The first step 
in the receive routine is to load the contents of the status 
register into the accumulator of the MPU. If the receive 
data register is not full (RDRF = 0), it indicates that the 
register is empty or fiat the receiver is inhibited by the 
DCD input being "hrfh". Therefore, the DCTJ status bit 
which was previously oaded into the accumulator should 
be checked under program control for its condition (this 
step is not required when the DCD input is permanently 
held "low"). In a medium speed modem system, a "high" 
on the DCD input during character reception indicates 
that the receive Carrie - was lost and the communications 
channel would have to be re-established. The DCD status 
bit is reset back to a "low" state when: (1) the DCD 
input has returned "low"; (2) by a master reset; or (3) by 
reading the Receive Data Register after having read the 
status register. If the DCD status bit is "low", the status 
is re-read in a loop manner until the receive data register 
is full. When a logic T" is read from the RDRF status 
bit position (BO), indicating that a character was received, 
the status regarding the framing, overrun, and parity errors 
of the received character is available. A received character 
status error could piovide for re-transmission of the 
message, or implement error correction techniques. If 
there are no errors in I he character received, the Receive 
Data Register is read and control is returned from the 
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Transmit 
Routine 



Read Status 




Loss of Carrier 
Error Routine 



LDA A STACON Load Status 
ASR A 
ASR A 
BCS TX Data 
ASR A 
ASR A 
BCC NEXT 
BR ERROR 1 
STA B TXRX 
RTS 



Shift TDRE Bit to C-Bit Position 
Check TDRE Bit 



Shift CTS Bit to C-Bit Position 
Check CTS 

Carrier Loss-Branch to Error Routine 
Store Character in ACIA 
Return from Subroutine 



subroutine to the main program via an RTS instruction. 

In an interrupt driven system, the ACIA can be pro- 
grammed to generate an interrupt from the transmitter or 
receiver sections independently. For example, an interrupt 
from only the transmitter section can be achieved by 
enabling the transmitter interrupt enable (CR5 = 1, 
CR6 = 0), and disabling the receiver interrupt enable 
(CR7 = 0). This results in an interrupt being generated 
when the Transmit Data Register is empty (TDRE = 1). 
Therefore, the condition of the Transmit Data Register 
Empty bit is known and there is no need to examine the 
condition of this bit as shown in the transmit data sub- 
routine in Figure 13. 

As demonstrated in the program examples, only the 
STA and LDA instructions are required to access one of the 
four internal registers within the ACIA. However, there 
are other instructions such as the CMP (compare) instruc- 
tion that can be used with the ACIA. Since the registers in 
the ACIA are either write-only or read-only registers, the 
MPU instructions that perform an automatic rewrite should 
not be used with the ACIA; this would result in the 
selection of two registers from one instruction. The MPU 
instructions that should not be used during ACIA operation 
are: ASL, ASR, COM, DEC, INC, LSR, NEG, ORA, ROR, 
and ROL. 



FIGURE 13 — Flow Diagram and Source Statements for 
Transmit Subroutine 
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FIGURE 14 - Flow Diagram and Source Statements for 
Receive Subroutine 



CONCLUSION 

The ACIA provides a cost effective approach for adding 
asynchronous data communications links to computer, 
minicomputer, and microcomputer systems. The memory- 
like registers of the ACIA enable a processor to transmit 
and receive data via the ACIA without the need of special 
I/O instructions. The ACIA also provides modem I/O con- 
trol for the transmission of data to remote sites over the 
telephone network. Included has been a detailed discussion 
on the ACIA status register along with software program ex- 
amples, such that the ACIA user can effectively and effi- 
ciently apply this part in his data communications system. 
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AN 



ANALOG -TO-DIGITAL CONVERSION 
TECHNIQUES WITH THE M6800 
MICROPROCESSOR SYSTEM 



Prepared by: 
Don Aldridge 
Applications Engineering 



This application note describe several 
analog-to-digital conversion syste ns imple- 
mented with the M6800 micro Drocessor 
and external linear and digital IC's. 
Systems consisting of an 8- and 10-bit 
successive approximation approach, as 
well as dual ramp techniques of 356- and 
4Vj-digit BCD and 12-bit binary, are 
shown with flow diagrams, source pro- 
grams and hardware schematics. System 
tradeoffs of the various schemes and 
programs for binary-to-BCD and BCD-to- 
7 segment code are discussed. 
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Analog-To-Digital 
Conversion Techniques 
with the M6800 
Microprocessor System 

INTRODUCTION 

The MPU (microprocessing unit) is rapidly replacing 
both digital and analog circuitry in the industrial control 
environment. It provides a convenient and efficient 
method of handling data; controlling valves, motors and 
relays; and in general, supervising a complete processing 
machine. However, much of the information required by 
the MPU for the various computations necessary in the 
processing system may be available as analog input signals 
instead of digitally formatted data. These analog signals 
may be from a pressure transducer, thermistor or other 
type of sensor. Therefore, for analog data an A/D (analog- 
to-digital) converter must be added to the MPU system. 

Although there are various methods of A/D conversion, 
each system can usually be divided into two sections — an 
analog subsystem containing the various analog functions 
for the A/D and a digital subsystem containing the digital 
functions. To add an A/D to the MPU, both of the sec- 
tions may be added externally to the microprocessor in 
the form of a PC card, hybrid module or monolithic chip. 
However, only the analog subsystem of the A/D need be 
added to the microprocessor, since by adding a few 
instructions to the software, the MPU can perform the 
function of the digital section of the A/D converter in 
addition to its other tasks. Therefore, a system design 
that already contains an MPU and requires analog infor- 
mation needs only one or two additional inexpensive 
analog components to provide the A/D. The micropro- 
cessor software can control the analog section of the A/D, 
determine the digital value of the analog input from the 
analog section, and perform various calculations with the 
resulting data. In addition, the MPU can control several 
analog A/D sections in a timeshare mode, thus multi- 
plexing the analog information at a digital level. 

Using the MPU to perform the tasks of the digital sec- 
tion provides a lower cost approach to the A/D function 
than adding a complete A/D external to the MPU. The 
information presented in this note describes this tech- 
nique as applied to both successive approximation (SA) 
A/D and dual ramp A/D. With the addition of a DAC 
(digital-to-analog converter), a couple of operational 
amplifiers, and the appropriate MPU software, an 8- or 
10-bit successive approximation A/D is available. Ex- 
pansion to greater accuracies is possible by modifying the 



software and adding the appropriate D/A converter. The 
technique of successive approximation A/D provides 
medium speed with accuracies compatible with many 
systems. The second technique adds an MCI 405 dual 
ramp analog subsystem to the MPU system and, if desired, 
a digital display to produce a 12-15 bit binary or a 3#- or 
454-digit BCD A/D conversion with 7-segment display 
readout. This A/D technique has a relatively slow conver- 
sion rate but produces a converter of very high accuracy. 
In addition to tire longer conversion time, the MPU must 
be totally devoted to the A/D function during the conver- 
sion period. However, if maximum speed is not required 
this technique of A/D allows an inexpensive and practical 
method of handling analog information. 

Figure 1 shows the relative merits of each A/D conver- 
sion technique. Listed in this table are conversion time, 
accuracy and whether interrupts to the MPU are allowed 
during the conversion cycle. 

This note describes each method listed in Figure 1 and 
provides the MPU software and external system hard- 
ware schematics along with an explanation of the basic 
A/D technique and system peculiarities. In addition, the 
MPU interface connections for the external A/D hardware 
schemes are shown. These schemes are a complete 8-bit 
successive approximation and a 354-digit dual ramp A/D 
system, both of which externally perform the conver- 
sion and transfer the digital data into the MPU system 
through a PIA. 

For additional information on the MC6800 MPU sys- 
tem or A/D systems, the appropriate data sheets or 
other available literature should be consulted. 

MPU 

The Motorola microprocessor system devices used are 
the MC6800 MPU, MCM6810 RAM, MCM6830 ROM and 
MC6820 PIA (peripheral interface adapter). The following 
is a brief description of the basic MPU system as it per- 
tains to the A/D systems presented later in this appli- 
cation note. 

The Motorola MPU system uses a 16-bit address bus 
and an 8-bit data bus. The 16-bit address bus provides 
65,536 possible memory locations which may be either 
storage devices (RAM, ROM, etc.) or interface devices 
(PIA, etc.). The basic MPU contains two 8-bit accumu- 
lators, one 16-bit index register, a 16-bit program counter, 
a 16-bit stack pointer, and an 8-bit condition code regis- 
ter. The condition code register indicates carry, half 
carry, interrupt, zero, minus, and 2's complement over- 
flow. Figure 2 shows a functional block of the 
MC6800 MPU. 

The MPU uses 72 instructions with six addressing 
modes which provide 197 different operations in the 
MPU. A summary of each instruction and function with 
the appropriate addressing mode is shown in Appendix A 
of this note. 
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Characteristic 


Successive Approximation 




Dual Ramp 


8 Bit 
Software 


10-Bit 
Software 


8-Bit 
Hardware 


12-Bit 


3J4-Digit 
Software 


4% -Digit 
Software 


3 V; -Digit 
Hardware 
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Op Amp 
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Op Amp 
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SAR* 
Op Amp 
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MC1405 
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(Including PIA Configuration) 
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145 


42 


84 


296 


328 


58 


Serial Output Available 


Yes 


Yes 


Yes 


No 


No 


No 


No 



•Successive Approximation Register 

FIGURE 1 — Relative Merits of A/D Conversion Techniques 



The PIA is the interface device used between the ad- 
dress and data buses and the analog sections of the A/D. 
Each PIA contains two essentially identical 8-bit inter- 
face ports. These ports (A side, B side) each contain three 
internal registers that include the data register which is 
the interface from tie data bus to the A/D, the data 
direction register wiich programs each of the eight 
lines of the data register as either an input or an output, 
and the control regisler which, in addition to other func- 
tions, switches the data bus between the data register and 
the data direction register. Each port to the PIA contains 
two addition pins, CA1 and CA2, for interrupt capa- 
bility and extra I/O l nes. The functions of these lines are 
programmable with the remaining bits in the control 
register. Figure 3 shows a functional block of the 
MC6820 PIA. 

Each PIA requires four address locations in memory. 
Two addresses access either of the two (A or B sides) 
data/data direction .egisters while the remaining two 
addresses access either of the two control registers. 
These addresses are decoded by the chip select and regis- 
ter select lines of the PIA which are connected to the 
MPU address bus. Selection between the data register and 
data direction register is made by programming a "1" or 
"0" in the third least significant bit of each control regis- 
ter . A logic "0" accesses the data direction register while 
a logic "1" accesses th; data register. 

By programming ' 0"s in the data direction register 
each corresponding line performs as an input, while 
"l"s in the data direction register make corresponding 
lines act as outputs. The eight lines may be intermixed 
between inputs and outputs by programming different 
combinations of and "0"s into the data direction 
register. At the beginning of the program the I/O configu- 
ration is programmed into the data direction register, after 
which the control renter is programmed to select the 
data register for I/O operation. 



The RAMs used in the system are static and contain 
128 8-bit words for scratch pad memory while the ROM is 
mask programmable and contains 1024 8-bit words. The 
ROM and RAM, along with the remainder of the MPU 
system components, operate from a single +5 volt power 
supply; the address bus, data bus and PIAs are TTL 
compatible. 

The MPU system requires a 20 non-overlapping clock 
with a lower frequency limit of 100 kHz and an upper 
limit of 1 MHz. 
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FIGURE 2 - MPU Pin Functions 
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FIGURE 3 - PIA Functions 
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The printouts shown for each A/D program are the 
source instructions for the cross assembler from the 
Motorola timeshare. Since the MPU contains a 16-bit 
address bus and an 8-bit data bus, the hexadecimal num- 
ber system provides a convenient representation of these 
numbers. Although the assembler output is in hexadeci- 
mal, the source input may be either binary, octal, decimal 
or hexadecimal. A dollar sign ($) preceding a number in 
the source instructions indicates hexadecimal, a percent 
sign (%) indicates binary and an at sign (@) indicates octal. 
No prefix indicates the decimal number system. 

Only the beginning addresses of the program and labels 
are shown in the source programs. These beginning ad- 
dresses may be changed prior to assembling the total 
system program or the programs may be relocated after 
assembly with little or no modification. 

SUCCESSIVE APPROXIMATION TECHNIQUES 
General 

One of the more popular methods of A/D conversion is 
that of successive approximation. This technique uses a 
DAC (digital-to-analog converter) in a feedback loop to 
generate a known analog signal to which the unknown 
analog input is compared. In addition to medium speed 
conversion rates, it has the advantages of providing not 
only a parallel digital output after the conversion is com- 
pleted but also the serial output during the conversion. 

Figure 4 shows the block diagram and waveform of the 
SA-A/D. The DAC inputs are controlled by the successive 
approximation register (SAR) which is, as presented here, 
the microprocessor. The DAC output is compared to the 
analog input (V m ) by the analog comparator and its 
output controls the SAR. At the start of a conversion 



the MSB of the DAC is turned on by the SAR, producing 
an output from the DAC equal to half of the full scale 
value. This output is compared to the analog input and if 
the DAC output is greater than the input unknown, the 
SAR turns the MSB off. However, if the DAC output is 
less than the input unknown, the MSB remains on. Fol- 
lowing the trial of the MSB the next most significant bit 
is turned on and again the comparison is made between 
the DAC output and the input unknown. The same cri- 
teria exists as before and this bit is either left on or 
turned off. This procedure of testing each bit continues 
for the total number of DAC inputs (bits) in the system. 

After the comparison of each bit the digital output is 
available immediately thus providing both the • serial 
output as well as the parallel output at the end of the 
conversion. The serial output provides the MSB first, 
followed by the remaining bits in order. The total con- 
version time for the SA-A/D is the time required to turn 
on a bit, compare the DAC output with the input un- 
known and, if required, turn the bit off, multiplied by 
the total number of bits in the A/D system. The conver- 
sion time is hence constant and unaffected by the analog 
input value. 

One SA-A/D shown in this note uses an 8-bit DAC 
(MC1408) to produce an 8-bit A/D; a second version uses 
a 10-bit DAC (MC3410)* to produce a 10-bit A/D. 
Both of these are used in conjunction with the MPU as 
an SAR. In addition, the MC1408 is shown with the 
MC 14549 CMOS SAR as a convert-on-command system 
under control of the MPU. All of these A/Ds produce a 
binary output. However, by adding the appropriate soft- 
ware a BCD output or 7-segment-display outputs are 
available. Also by using a BCD-weighted DAC, the BCD 
output can be produced directly. 
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FIGURE 4 - 4-Bit Successive Approximation Converter 



8-Bit SA Program 

The flow chart for the 8-bit MPU A/D system is shown 
in Figure 5; Figures 6 and 7 show the software and the 
hardware external to the microprocessor. The DAC 
used is the MC1408L-8 which has active high inputs and a 
current sink output. An uncompensated MLM301A 
operational amplifier is used as a comparator while an 
externally compensated MLM301A or internally com- 
pensated MCI 741 operational amplifier is used as a buffer 
amplifier for the input voltage. The output voltage com- 
pliance of the DAC is ±0.5 volt; if the current required by 
the D/A does not match that produced from the output 
of the buffer amplifier through R] and R2, then the DAC 
output will saturate at 0.5 volt above or below ground, 
thus toggling the comparator. The system is calibrated by 
adjusting Rl for 1 volt full scale, and zero calibration is 
set by adjusting R3. 
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FIGURE 5 - 8-Bit Successive Approximation 
A/D Flow Diagram 



The first MPU instruction for the 8-bit A/D is in line 
45 of Figure 6. After assembly, this instruction will be 
placed in memory location S0A00 as defined in the 
assembler directive of line 42. The assembled code for 
this program is relocatable in memory as long as the PIA 
addresses and storag: addresses are unchanged. The 
program as shown requires 106 memory bytes. Source 
program lines 45 through 53 configure the PI As for the 
proper input/output configuration. PIA1BD is used for 
various control funcions between the MPU system 
and the external hardware. The exact configuration of this 
PIA is shown in lines '.18 through 33 of Figure 6. PIA IAD 
provides the 8-bit output needed for the DAC. Lines 51 
through 53 set bit 3 of the PIA control register to access 
the data register for the actual A/D program. 
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Lines 55 and 56 set the conversion finished flag, which 
consists of a LED on the hardware schematic, after 
which the program enters a loop in lines 63-65 which 
causes the MPU to wait until the cycle input line goes 
high. (This feature could be eliminated if the program was 
a subroutine of a larger control program.) In this case, 
when a conversion was to be made the control program 
would go to the A/D subroutine and return with the 
digital results. Lines 68 and 69 clear the PIA-A which is 
connected to the DAC inputs and an internal memory 
location. This memory location is used as a pointer to 
keep track of which bit of the DAC is currently being 
tested. Next the conversion finished line is reset indicating 
a conversion is in process and the carry bit of the condi- 
tion code register is set. The memory location POINTR is 
then rotated right in line 79, moving the carry bit of the 
condition code register into the MSB of that memory 
location. Line 80 is a conditional branch that determines 
if all 8 bits of the DAC have been tested. After nine 
rotations of POINTR the carry bit will again be set 
indicating all 8 bits have been compared. 

Program lines 81 through 83 load the previous DAC 
value into an accumulator and the next DAC bit is turned 
on for the comparator test. An 8 us delay produced by 



the NOP instruction of lines 87 through 90 allows the 
DAC and comparator to settle to a final value before the 
comparator test of lines 91 and 92. At this point if the 
comparator was high the Yes loop is executed, which 
generates a simulated clock pulse and a serial output 
"1". If the comparator was low, lines 95 through 101 are 
executed, resetting the bit under test and generating a 
simulated clock pulse and a serial output of "0". The 
three NOP instructions of the Yes loop equalize the 
execution time between the high and low comparator 
loops. After completion of either the high or low com- 
parator loop, the A accumulator which contains the new 
digital number is stored in PIA1AD and in a RAM mem- 
ory location labeled ANS. Then the next bit of the DAC 
is tested in the same manner and this procedure is contin- 
ued until all eight DAC inputs have been tested. When this 
has occurred the program returns to line 55 where the 
conversion finished flag is "set" and the MPU awaits the 
next cycle input from PIA1BD. 

The total conversion time is 700 us for the 8-bit con- 
verter assuming a 1 MHz MPU clock frequency. The simu- 
lated clock pulse is 7 us wide and can be used to indicate 
when to sample the serial output. 
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FIGURE 6 — 8-Bit SA Software (Page 1 of 3) ^^^^^ 

NAM BWA12 
OPT MEM 

♦ 

♦ ♦ 

♦ 3 BIT SUCCESSIVE APPROXIMATION fVB * 

♦ ♦ 
♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 
♦ 



ORG 
ANS RMB 1 
POINTR RMB 1 
♦ 
♦ 
♦ 

ORG $4004 
PIA1AB RMB 1 
PIA1AC RMB 1 
PIA1BD RMB 1 
PIA1BC RMB 1 
♦ 
♦ 
♦ 
♦ 
♦ 

♦ ' 



♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

♦ PB7 ♦ PB 
♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

♦ COMP ♦ N< 



FINAL ANSWER MEMORY LOCATION 
TEMP MEM DRY LOCATION 



PI A MEMORY ADDRESSES 

A SIDE. DATA REGISTER 

A SIDE . CONTROL REGISTER 

B SIDE? DATA REGISTER 

B SIDE j CONTROL REGISTER 

PIA1AD USED FDR DIGITAL OUTPUT TO DAC 
PIA1BD USED FOR A--D CONTROL 



♦PIA1BD PIN CONNECT I 
♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 
♦ PBS ♦ PB4 ♦ PB3 ♦ PB2 ♦ PB1 ♦■ PE0 ♦ 
♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦*♦♦♦♦♦♦♦♦♦♦ 

SC ♦ CF ♦ SO ♦ NC * CYCLE ♦ NC ♦ 
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FIGURE 6 - 8-Bit SA Software (Paga 2 of 3) 
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FIGURE 6 - 8-Bit SA Software (Page 3 of 3) 
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FIGURE 7 - 8-Bit SA Hardware 
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FIGURE 19 - 4V, -Digit Dual Ramp Software {Page 5 of S) 



External Dual Ramp System 

The final dual ramp A/D system to be discussed uses 
the MCI 405 with an MC 14435 CMOS dual ramp digital 
subsystem to provide a complete A/D converter external 
to the MPU system. This system provides an inexpensive 
A/D that is easily interfaced to an MPU system through 
a PIA and requires a minimum number of additional 
software instructions for control. Also, the micropro- 
cessor is available for performing other tasks during the 
A/D conversion. 

When the MPU requires analog information, the data 
is brought into the MPU system through a PIA and placed 



in memory for further use. The flow of this information 
is under control of the- MPU system via an interrupt 
program. Figures 20 and 21 show the external devices 
with the MPU and the software instructions required to 
start the conversion and transfer the data from the A/D. 
Like the external successive approximation method de- 
scribed previously, this dual ramp technique reduces the 
number of MPU instructions required and increases the 
throughput of the overall MPU system. However, the 
increase in exterrnal hardware may offset these advan- 
tages. Also, additional external hardware is required for 
autopolarity and a 7-segment display. 
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FIGURE 8 - 10-Bit SA Software 
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FIGURE 9 - 10-Bit SA Hardware 
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External SA System 

The third successive approximation program, shown in 
Figures 10 and 11, uses an MCI 408 DAC with the 
MC 14549 CMOS SAR for a convert-on-command A/D 
system. This system is controlled by the MPU through the 
CA1 and CA2 PIA pins to start a conversion and store the 
results of this conversion in memory when the conversion 
is finished. The 8-bit data word from the A/D is brought 
in to the MPU system through PIA1AD. The advantages 
of this A/D system are that a minimum number of soft- 
ware instructions are required, a higher speed conversion 
is possible, and the MPU may be performing other tasks 
during the conversion. The disadvantage is a higher parts 
count and increased cost. 

The program for this A/D, shown in Figure 11, is 
written as a subroutine of a larger program. This larger 
program is simulated with the instructions of lines 28 



through 31. The subroutine starts in line 34, unmasking 
the interrupt input on CA1 and setting CA2 high. (For 
additional information on use of the CA1 and CA2 lines, 
see the MC6820 data sheet.) CA2 initiates the conversion. 
Line 35 is a dummy read statement necessary to clear the 
data register of the interrupt bit associated with the C A 1 
input line. Then a wait for interrupt instruction stores the 
stack in anticipation of the A/D conversion being com- 
pleted. When the conversion is finished the CA1 line is 
toggled by the EOC output of the MCI 4549 and the 
program goes to line 43 where CA1 is masked and CA2 is 
set low, thus stopping any further conversion sequences 
by the A/D. The digital results are loaded into the A accu- 
mulator through PIA-A and stored in memory location 
TEMP. Then the MPU returns from the interrupt and 
finally returns from the subroutine. 

The entire sequence requires 60 /us plus the conversion 
time of the A/D. 
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FIGURE 10 - 8-Bit SA Using External Hardware 



FIGURE 11 - 8-Bit External SA Software (Page 1 of 2) JM»m 
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FIGURE 11 - 8-Bit External SA Software (Page 2 of 2) 



DUAL RAMP TECHNIQUES 
General 

Another commonly used method for A/D conversion is 
the dual ramp or dual slope technique. This approach has 
a longer conversion time than that of the successive ap- 
proximation method. The conversion time period is also 
variable and input voltage dependent. However, this 
method yields an A/D converter of high accuracy and 
low cost. 

As the name implies the dual ramp method consists of 
two ramp periods for each conversion cycle. Figure 12 
shows the basic waveforms for the dual ramp A/D. The 



ratio in time of the ramp lengths provides a value repre- 
senting the difference between a reference and an un- 
known voltage. During time period Tl, the input un- 
known is integrated for a fixed time period (fixed number 
of clock cycles). The integrator voltage increases from the 
reference level to a voltage which is proportional to the 
input voltage. At the end of this time period a reference 
voltage is applied to the input of the integrator causing 
the integrator output voltage to decrease until the refer- 
ence level is again reached. The number of clock cycles 
that are required to bring the integrator output voltage 
back to the reference level is proportional to the input 
unknown voltage. 
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The dual ramp converters discussed here use the 
MC1405 analog subsystem in conjunction with the 
M6800 MPU system. The MCI 405 provides the integra- 
tor, comparator and reference voltage required for the 
analog functions of the dual ramp A/D. The analog device 
also adds an offset current to the integrator input during 
the ramp up time period to stabilize small voltage read- 
ings. The digital section of the A/D must subtract an equiv- 
alent number of counts to produce a zero reading display 
output for a zero input. The interface between the analog 
and digital subsystems consists of two control lines. 
These are the comparator output from the analog part, 
which indicates whether the ramp is above or below the 
reference level, and a ramp control output from the 
digital part to switch the integrator input between the 
input unknown voltage and the reference voltage. The 
control of these lines, offset subtraction, and calcu- 
lations with the resulting data must be handled by the 
digital subsystem, which in this case is the MPU. 

'For additional information on the dual ramp technique 
for A/D, consult the data sheet for the MC1405. 
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FIGURE 12 - Dual Ramp Waveforms 



1 2-Bit Dual Ramp Program 

This version of the dual ramp A/D generates a 12-bit 
binary output from a 1 volt full scale analog input. Fig- 
ures 13, 14 and 15 show the flow chart, MPU software 
and external hardware. The interface of the PIAs used for 
this A/D is shown both on the schematic and in lines 16 
through 22 of the source program. Lines 25 and 26 indi- 
cate the two memory locations where the final 12-bit 
binary result is stored. These locations are $0000 and 
$0001 . The four most significant bits are in location 
$0000 while the remaining eight bits are in $0001 . 

Referring to the software of Figure 14, the first in- 
structions (lines 37 through 42) initialize the P1A for its 
input/output configuration. Source program lines 46 
through 49 set the ramp control line of the MC1405 
and check the comparator output from the MC1405 to 
insure that the integrator output is below the reference 
level at the start of a conversion. Next the "conversion 
finished" flag is set indicating a conversion ready status. 
Then the MPU enters a loop (lines 55 through 57) waiting 
for a cycle input (PB1) from the PIA. When this condi- 
tion occurs the conversion finished flag is reset while the 



ramp control line (PB2) goes low, thus starting a con- 
version cycle. In addition, the index register has been 
loaded with $2000 which will be decremented to provide 
the ramp up timing period. When the ramp crosses the 
threshold level the comparator (PB7) change from low to 
high causes the MPU to enter the timing cycle of lines 
67 through 69. The index register is continuously decre- 
mented until reaching zero, at which point the ramp con- 
trol line (PB2) to the MC1405 is set high (line 74) and the 
index register is incremented (line 75). This loop contin- 
ues until the integrator output again reaches the threshold 
level. Line 76 of the ramp down cycle is a dummy state- 
ment included to equalize the timing between the ramp 
up and ramp down time periods. The proper timing ratio 
(2:1 in this example) must be maintained for correct 
A/D operation. 

After the termination of the ramp down time period 
the content of the index register is stored in memory 
locations $0000 and $0001 (line 82). Next the offset 
counts are subtracted (512jo) from this result by sub- 
tracting $01 from memory location $0000. The result is 
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FIGURE 13 - 12-Bit Binary Dual Ramp A/D Flow Diagram 
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then stored back into the same memory location. Lines 86 
and 87 check the contents of memory location TEST for 
a number greater than 4095 io- If this condition occurs, 
the overrange, conversion finished, and ramp control 
bits are set high. Otherwise the MPU branches back to line 
50 where only the conversion finished and ramp control 
bits are set high. The program then checks the status of 
the cycle input waiting for the next conversion. 

When assembled, the first instruction will be located 
at S0A00 with 84 io memory locations required. The 
full scale conversion time is 165 ms assuming a 1 MHz 
clock in the MPU system. 



As with all MC1405 designs, the integration capacitor 
must be large enough to insure that the integrator does 
not saturate during the ramp up time period. The value of 
this capacitor depends upon the power supply voltage 
applied to the MCI 405 and the ramp up time period. 
The MC1405 data sheet contains the equations for calcu- 
lation of this capacitor. The MC1405 is capable of oper- 
ating on a single +5 volt power supply; however, a +15 
volt supply voltage is recommended to decrease the inte- 
grator capacitor size. When using 15 volts the comparator 
output must be clamped at 5 volts to prevent damaging 
the PIA inputs. 



FIGURE 14 - 12 Bit Dual Ramp Software (Pag* 1 of 2) 
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FIGURE 14 - 12 Bit Dual Ramp Software (Page 2 of 2) 
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3'/2-Digit Dual Ramp Program 

The flow chart, source program and hardware for a 
3'^-digit system are shown in Figures 16, 17, and 18 
respectively. Referring to Figure 17, the basic conversion 
routine of lines 96 through 135 in this program is similar 
to that of the previously discussed 12-bit binary system. 
The initialization of the index register in line 108 has been 
changed to increase the ramp up time period. The basic 
conversion results in a binary number as did the 12-bit 
version previously discussed. This binary result is con- 
verted by the software routine in lines 144 through 180 
to produce 314-digit BCD output. This routine converts 
up to a 16-bit binary number to the equivalent BCD value. 
Also the BCD result is converted to a 7-segment display 
code for use in a LED or LCD readout system. Another 
feature of the 3H-digit A/D program shown here is a 
polarity detection scheme. This allows the A/D to handle 
both positive and negative input voltages. 

The external hardware for the 3^-digit A/D requires 
two full PIAs; one of the four ports is used for interface 
to the MC1405, cycle input, overrange flag, etc. An I/O 
configuration similar to that of the 12-bit binary A/D is 
used. The remaining three ports of the PIAs are used for 
the 3!4-digit display, as shown in Figure 18b. 

The conversion initially produces a binary result 
which is stored in memory locations MSB and MSB+1. 
This result has lOOio offset counts subtracted, and then a 
polarity check is made. If the polarity that is currently 
being applied to the input of the MC1405 is positive, the 



binary number is converted to a BCD number. The tech- 
nique used for binary-to-BCD conversion is described in 
Appendix B. The BCD results are stored in memory 
locations UNTTEN and HNDTHD. Each of these memory 
locations contains two BCD words. Following the conver- 
sion, an overrange test is made in lines 183 through 186 
which checks for a maximum of a BCD "1" in the upper 
four bits of memory location HNDTHD. If an overrange 
condition occurs, the program branches to lines 227 
through 234 where a 1999jo is placed in the display and 
the overrange flag in PIA1BD is "set". 

After the overrange test the BCD code is converted to 
a 7-segment code and stored in the memory location for 
each PIA port. Segments A through G use PIA outputs 
through 6 while the half digit output uses PIA2BD output 
PB7. The conversion technique for BCD-to-7 segment 
utilizes a look-up table in line 251 with the indexed mode 
of addressing to access the table. Each of the three full 
BCD digits is converted to the 7-segment code by first 
separating the lower BCD and upper BCD word and using 
the BCD code as the least significant byte of a two byte 
address for the look-up table. This address is then loaded 
into the index register and used to locate the correspond- 
ing 7-segment code. In the case of the upper BCD digit of 
each BCD, the memory must be shifted left four times for 
correct addressing of the look-up table. Finally, the half 
digit output is added to PIA2BD in lines 197 through 226. 

Should the MC1405 have the incorrect polarity on its 
input, a polarity reversing relay is operated by toggling the 
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CA2 output of PIA1BC control register. Then the conver- 
sion is restarted, this time with a positive input polarity. 
The polarity detection instruction is found in line 131. 
If after the offset count subtraction in lines 129 and 130 
the condition code carry bit is "set", the MC1405 has a 
negative input voltage. This occurs when the negative in- 
put subtracts from instead of adding to the offset current 
in the MCI 405 and does not allow the ramp down time 
period to reach at least a value of lOOio counts. If the 
carry bit has been "set" then the program branches to 



line 236 where the CA2 line is toggled. Also due to the 
difference in a positive polarity conversion and a negative 
polarity conversion a short delay loop has been added in 
lines 238 and 239 to improve accuracy at very small 
input voltages. 

The entire 3V£-digjt A/D requires 296 memory loca- 
tions but can be reduced if the BCD-to-7 segment de- 
coding is performed external to the MPU system. With a 
1 MHz MPU clock frequency this program has a full 
scale conversion time of 60 ms. 




PIA Initialization 



Set Conversion 
Finiahed 




Compar 
Teat for Ramp Up 
Thraahold 



Ramp Down 
Comparator 
Teat 



Extra Count 
Subtraction 



Set Overranoe 

Flag and 
Store 1999 in 
O.aplay PIAa 



BCD to 7-Segment 




FIGURE 16 - 3Va-D.git Dual Ramp A/D Flow 
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FIGURE 17 - 3»-Oit it Dual Ramp Sottww. IPafa 1 of 61 
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£5 .000 
£6 . 000 
£7.000 
£8.000 
£9.000 
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33.000 



THIS CONVERTER USES fl MC1405 IM CONJUNCTION WITH THE 
MC6S00 MRU TO PRODUCE fl 3 l/£ DIGIT ffc'fl. THE 
DUAL RflMP METHOD DF fl- ]J CONVERSION IS USED. 

THE INPUTS TD THE MPU CONSIST OF 

CYCLE SWITCH -LOCATED AT PIA1BD <:PE1> 
COMPARATOR = LOCATED AT PIfllBD CPU?) 




THE OUTPUTS FROM THE MPU CONSIST OF 

RAMP CONTROL- LOCATED AT PIA1ED < Pli :> 
CONVERSION FINISHED = LOCATED AT PIfllBD (.PB4) 
QVERRANGE - LOCATED AT PIA1BD (PB3> 
POLARITY - LOCATED AT PIA1BD (.CA£> 

7 SEGMENT DUTPU" 
TENS - FIA1AD 
HUNDREDS - PI HEAD 
THOUSANDS - PIA2BD 

TENS OF THOUSANDS OR HALF DIGIT - PIA2BD <PB7) 

THE BINARY ANSWER IS STORED AT MSB AND LSB 

THE BCD ANSWER IS STORED AT UNTTEN jHNDTHD jTENTSD 

THE ANALOG INPUT FOR THE MCI 4 US MUST HAVE A £ VOLT 
MAXIMUM WHILE THE AUTDPDLAPITY OUTPUT FROM THE MPU 
MAY BE USED TO TOGGLE A RELAY TD PROVIDE NEGATIVE 
INPUT CAPABILITY FOR THE fl.-D 



ORG $00 
SB RMB 1 
SB RMB 1 
NDEX RMB £ 

SB7EM RMB 1 TEMP STORAGE DF BINARY ANSWER 

SBTEM RMB 1 



6 0.00U 



ORG $0010 
UNTTEN RMB 1 
HNDTHD RMB 1 



ORG S4GQ4 

PIA1AD RMB 1 
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A SIDE DATA REGISTER 
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FIGURE 17 - 3H Digit Dual Ramp Software (Page 2 of 5) 
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1 15 
1 16, 
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PIfllflC RMB 1 
PlfllBD RMB 1 
PIR1BC RMB 1 
PIA2AB RMB 1 
PIR£HC RMB 1 
PIA2BD RMB 1 
PIA2BC RMB 1 
♦ 
♦ 

□PS S0A00 

♦ 

CLR PIFilflC 
CLR PIfllBC 
CLR PIA2AC 
CLR PIA2BC 
LDfl A «$7C 
STA A PIAIBD 
LDA A ss$0FF 
STA A PIFilftD 
•. STfl A P I RErRH 
STfl A PIA2BB 
LUfl. A S$34 
STfl fl PIA1AC 
STfl ft PIfllBC 
STfl fl PIfl2flC 
STfl fl PIflSBC 

LDfl fl «JOC , 
STfl fl INDEX 

♦ 
♦ 



fl SIDE CONTROL REGISTER 

B SIDE DATA REGISTER 

B SIDE CDNTROL REGISTER 

A SIDE DATA REGISTER 

A SIDE CONTROL REGISTER 

B SIDE DATA REGISTER 

B SIDE CDNTROL REGISTER 



♦♦PIA ASSEMBLY** 




SETS PIP CONTROL REGISTER BIT 



HIGH 



FIRST TWO HEX DIGITS OF 
TABLE ADDRESSES 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ : 

♦ BASIC -rVD ;•♦ . " 

♦♦♦♦♦♦♦♦♦**♦♦♦♦*: , 



.OOK-UP 



HIGH 
COMPARATOR TEST 



♦ • _ ^ INITIALIZATION 

START "lDa"a P PI A1BD 

BMI START 
CYCLE 1 LDA A «$14 

STA A PIA1ED CONVERSION READY AND RC HIGH 

♦ ' .'• , ; " ' ■ ' •• ' '-y'"' -. ; . .' 

«• . 

CYCLE LDA fl PlfllBD " 
AND A "£02 

BEQ CYCLE "■ , ' 

RE STAR LDX «S07D0 

CLR PlfllBD RESET OVERRANGE <r 
COMP LDA A PlfllBD 

BPL COMP 



RAMPUP LDA B 
DEX 

BNE RAMPUP : 



s*04 




♦♦CYCLE TEST** 



CONVERSION FINISHED AND SET PC 



♦♦RAMP UP TIMING CYCLE** 



♦ ♦RAMP DQ1..IH TIMING CYCLE** 



000 ♦ 

000 , RAMPBN STA 



B PlfllBD 




RC HIGH 
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LSI . 

I S3. 
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L25. 
126. 
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L£8. 
.£9 . 

SO. 
131 . 

tag. 

L33. 
L34. 
135. 
136. 
137. 
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L44. 
L45. 
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S3 . 
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L56. 
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L6£ . 
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L64 . 
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000 



I NX 
CPX 
LDfl 
EMI 



ifDOOQ 

fl PlfllBB 

RflMPDN 



DUMMY STATEMENT FOR TIME BEURY 
COMPARATOR TEST 



STX MSB 
LDfl fl MSB+1 
LDfl B MSB 
SUB fl «$64 
SBC B »$00 
ECS POLRY1 
STfl fl MSB+1 
STfl B MSB 
STfl fl MSBTEM+1 
STfl E MSBTEM 

♦ 
♦ 
♦ 
♦ 
♦ 
♦ 
♦ 
♦ 

CLR UNTTEN 
CLR HNDTHD 
LDX «$OO10 
BEGIN LDfl fl UNTTEN 
TAB 

AND fl «*GF 

SUE fl ;>*05 

EMI AT 

ADD B «$03 
AT TEA 

AND A «$GF0 

SUB A "450 

EMI ET 

ADD E ?$30 
ET STfl B UNTTEN 
♦ 

LDfl A HNDTHD 
TAB 

AND A »$0F 
SUE fl "$05 
EMI CT 
ADD B w$03 
CT TEA 
AND fl "TOFO 

SUE A *sse 

EMI DT 

HDD E »$3G 
DT ST A B HNDTHD 
♦ 
♦ 
♦ 

ASL LSBTEM 
RDL MSBTEM 
POL UNTTEN 
RDL HNDTHD 
DEX 

BNE BEGIN 



♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

♦ BINARY TO BCD ♦ 

♦ CONVERTER ♦ 
♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 
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FIGURE 17 — 354-0 igit Dual R.mp Soft*.™ (f>ag» 4 at 5) 
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LDA fl HNDTHD 
FIND 8 «t20 
SUB 8 «tl0 
EH I OVRNGE 

♦ 

BRA BCD 
PDLRY1 BRA POLARY 
OVRNG1 BRA OVRW6E 
♦ 
♦ 
♦ 

♦ 
♦ 
♦ 

BCD LDA 
AND A 
ST A 
LUX 
LDA 
ST A 
LDA 
LSR 
LSR 
LSR 
LSR 
ST A 
LDX 
LDA 
STA 
LDA 



OVERPANGE TEST 



PATCH TO EXTEND RANGE DF BRANCHES 



♦ BCD TD 7 SEGMENT ♦ 

♦ CONVERTER ♦ 
♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 



A UNTTEN 
SOF 
A INDEX* 1 
INDEX 
A 0»X 
PIA1AD 
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221 . 
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224! 
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229. 
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A 
A 
A 
A 
A 

A INDEX+1 
INDEX 
A 0>X 
A PIA2AD 
A HNDTHD 
AND A at OF 
STA A INDEX+1 
LDX INDEX 
LDA A 0»X 
STA A PIA2BD 
LDA A HNDTHD 
AND A wtlO 
SUB A *$10 
BLT END1 
LDA A S*t80 
ADD A PiqSBD 
STA A PIA2BD 
END1 JMP CYCLE 1 



□VRNGE LDA A * 
STA A P IF! IBB 



tic 



LDA 
STA 
STA 
STA 



«tF3 
PI At AH 
PIA2AD 
F" I A2BD 



JMP CYCLE 

♦ 

PDLARY LDX 
BR DEX 

BNE BP 

LDA A PIf 



sSOICO 
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FIGURE 17 - 3K-Digit Dual Ramp Software (Page 5 of 5) 
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FIGURE 18 - 3%-Digit Dual Ramp A/D Hardware 
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4V4-Digit Dual Ramp Program 

The microprocessor software for a 4^-digit dual ramp 
A/D is shown in Figure 19. This, program in an extension 
of the 3%-digit A/D just discussed and has a full scale 
input voltage of 1 .9999 volts. Due to the addition of the 
extra digit, a fourth PIA port for the 7-segment display 
is required. The PIA port configuration used for ramp 
control, comparator, etc. is identical to that used in the 
3H-digit A/D. 

The addition of the extra digit also implies a longer 
ramp up time period which is produced by increasing the 
initialization of the index register in line 115. This longer 
ramp up time period also requires the change of the extra 
count subtraction statements of lines 137 and 138 to 



maintain the extra count subtraction of 10% ramp up 
time. Also, the longer ramp up time period will require a 
larger integration capacitor to prevent saturation of the 
MC1405 integrator. This is of course, assuming the same 
MPU clock frequency. The remainder of the A/D external 
hardware is unchanged except for the addition of the 
fourth full digital display. Figure 18a can be used for the 
4^-digit A/D without modification, and Figure 18b can 
be used with only the addition of another digit. 

The software for the binary-to-BCD converter remains 
the same for the 4!£-digit A/D since it is capable of han- 
dling up to 16 bits. The conversion routine for BCD-to-7 
segment code must be modified to handle the extra digit 
although the same basic technique is retained. 



FIGURE 19 - 454-Digit Dual Ramp Software (Page 1 of 5) 
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MSB RME 1 
LSB RMB 1 
INDEX RME £ 
MSE'TEM RME 1 
LSETEM RMB 1 



ORG SOCIO 
UNTTEN RMB 1 
HNDTHD RMB 1 
TENTSD RMB 1 
♦ 
♦ 

ORG $4 06 
PIfilED RMB 1 
PIA1BC RMB 1 
PIA£AD RMB 1 
PIflSfiC RMB 1 
P I fi£BD RMB 1 
PIAc'BC RMB 1 

ORG $4010 
PIA3AB RMB 1 
PIA3AC RMB 1 
PIA3BB RME 1 
PIA3BC RME 1 



ORG 
CLR 
CLR 
CLR 
CLR 
CLR 
LDA 
STA 
LDfl 
STfi 
STA 
STfi 
STfl 
LDfl 
STfl 
STfl 
STfl 
STfi 
STfl 

LDfl 
STfi 



$ Ofl 
PIfllBC 
PIA2AC 
PIflSBC 
F I A3 AC 
PIA3EC 
fi "$4D 
PIfilED 
«$0FF 
PIfi£fiD 
PIfi£ED 
PlflSfiD 
PIA3BD 
"$34 
PIfllBC 
PlftSAC 
PlflSBC 
PIft3fiC 
PJftSBC 



"$0C 
INDE> 



LDfl 
STfi 



fl SS04 
fi PIfilED 
fl A 



TEMP STORAGE OF BINARY ANSWER 



B SIDE j DATA REGISTER 

E SIDE- CONTROL REGISTER 

fi SIDE, DATA REGISTER 

fi SIDE, CONTROL REGISTER 

B SIDE;. DATA REGISTER 

B SIDE? CONTROL REGISTER 

A SIDE j DfiTfi REGISTER 

A SIDE J CONTROL REGISTER 

B SIDE? DfiTfi REGISTER 

B SIDE, CONTROL REGISTER 



FIfi ASSEMBLY 



REMAINING Plfi'S fiLL OUTPUTS 



SETS PIfi CONTROL REGISTER EIT 3 HIGH 



FIRST TWO HEX DIGIT; 

TABLE fil'DRE: 
♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

♦ BASIC fi.-D ♦ 



OF LOOK-UP 

SES 



INITIALIZATION 



RC HIGH 



J ARATDR TEST 

: 19 - 4J4-Digit Dual Ramp Software (Page 1 
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FIGURE IS - 414-Digit Dual Ramp Software (Page 3 of 6) 
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120.0 00 
121 .000 
122.000 



BMI START 
CYCLE 1 LBfl fl »14 
STfl fl PlfllBD CONVERSION READY AND PC HIGH 



CYCLE TEST 




CYCLE LB A A PIA1BD 
AND A »SG2 
BEQ CYCLE 

RESTART LDX 8*4Ee0 INITIALISATION FOR RAMP UP 

♦ TIMING 

CLR PlfllBD RESET OVEPPflNGE ? CONVERSION FINISHED AND SET PC LDW 
COMP LDA A PIA1BD COMPARATOR TEST 

BPL COMP 

♦ PAMP UP TIMING CYCLE 
RAMPUP LDA B «S04 

DEX 

BNE PAMPUP 

♦ 

RAMP DOWN TIMING CYCLE 



STA B PlfllBD 



PC HIGH 



131 .000 
132.00 
133. 
134. 
1 35 . 
136.00 
1 37 . 
138 .000 
139.0 
140 . 000 
141 .000 
142.000 
143.000 
144.000 
145.000 
146.0 00 
147.000 
148.0 00 
9.0 00 
0.00 
51 .000 
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155.000 
156.000 
157.000 
158.000 
1 59 . 
160 . 000 
161.000 
162.000 
163.000 
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165.000 



t:00 DUMMY STATEMENT 
A PlfllBD CDMPARATQP TEST 
RAMPDN 



EXTRA COUNT SUBTRACTION 



;tx 

STX 



MSB 

MSBTEM 
LDA fl MSB 
SUB A »S 04 
BMI PDLRY1 
STfl A MSB 
STA A MSBTEM 



EXTRA COUNT SUBTRACTION 
POLARITY TEST 




♦ 
♦ 
♦ 
♦ 
♦ 
♦ 

CLP UNTTEN 
CLR HNDTHD 
CLR TENTSD 
LDX it* 00 10 
BEGIN LDA fl UNTTEN 
TAB 

AND A 3$ OP 

SUB h »$0S 
•BNI AT 

ADD B 8*03 
AT TBh 

AND A "JOFO 

SUB fl "S5 

BMI BT 

ADD B ^13 
BT STfl B UNTTEN 



♦ BINARY TO BCD ♦ 

♦ CONVERTER ♦ 
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10-Bit SA Program 

Figures 8 and 9 show the MPU software and external 
hardware for a 10-bit successive approximation A/D using 
the MC3410 DAC. The operation of this A/D is very 
similar to that of the 8-bit A/D. Both the A and B halves 
of a PIA are required for the DAC output while the con- 
trol lines (comparator, conversion finished, etc.) are also 
identical to that of the 8-bit A/D previously discussed. 
The pointer for indicating which bit is currently under 
test is contained in two memory locations, PONTR1 and 



PONTR2. The pointer is initialized in lines 63 and 64 and 
as before, it is continuously shifted to the left as each bit 
is tested. Lines 72 through 77 and lines 89 through 101 
operate on both halves of the PIA, "setting" and "re- 
setting" the DAC bits under test. The final answer is 
stored in the two PIA memory locations as well as two 
internal memory locations (ANSI and ANS2). 

By using the appropriate DAC and changing line 63 of 
the software program, the 10-bit SA D/A can be modi- 
fied for 9-16 bit A/D operation. 



FIGURE 8 - 10-Bit SA Software (Page 1 of 3) 

1 .000 NAM DWA40 
£.00 OPT MEM 
3 . ♦ 

4 . 000 •♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦*♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦#♦♦♦♦>•*♦♦♦* 

5 . ♦ ♦ 
6. 000 ♦ 10 BIT SUCCESSIVE APPROXIMATION A-D ♦ 

7.000 ♦ ♦ 
3 . 000 ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

•3. 00 ♦ 
10.000 ♦ 
11.00 ORG 

12.000 ANSI RMB 1 FINAL ANSWER LOCATION <MSB> 

13.000 ANSS RM1 1 FINAL ANSWER LOCATION CLSE) 

14.000 F0NTR1 RME 1 POINTER FOR BIT UNDER TEST 

15.00 PON TP 2 RMB 1 POINTER FOR BIT UNDER TEST 

1 £. . ♦ 
1 7 . ♦ 

13 . 00 ORG '54 06 PIA MEMORY ADDRESSES 

19.000 PIAIBD RMB 1 B SIDE- DATA REGISTER 

20.000 PIfllBC RMB 1 E SIDE* CONTROL REGISTER 

21.0 00 PIA2AD RMB 1 A SIDE- DATA REGISTER 

£1.50 PIA2AC RMB 1 A SIDE- CONTROL REGISTER 

22.0 00 PI A2BD RMB 1 B SIDE? DATA REGISTER 

23.0 00 PIA2BC RMB 1 B SIDE? CONTROL REGISTER 

£4 . ♦ 

£5.0 00 ♦ PIA1AD USED FOR DIGITAL OUTPUT TO DAC 

£6. 00 ♦ PIAIBD USED FOP A.-D CONTROL 

£7,000 ♦ 
£8 . 00 ♦ 
29 . ♦ 

30. 000 ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦PIAIBD PIN MNNECTIONS****************** 



31 . 00 ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

32.000 ♦ PB7 ♦ PB6 ♦ PBS ♦ PB4 ♦ PB3 ♦ PE£ ♦ PB1 ♦ PB0 ♦ 
33 . 000 ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 
34.000 ♦ COMP ♦ NC ♦ SC ♦ CF ♦ SO ♦ NC ♦ CYCLE ♦ NC ♦ 
35 . 000 ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

36.0 00 ♦ ♦ 
37.0 00 ♦ 
33.0 00 ♦ 

39.000 ♦ C Q M P - C O M P A R A T Q R * S C - S I f 1 U L A T E D CLOCK jSG-SERIAL OUTPUT 
40.000 ♦ CP-CONVERSION FINISHED* NC-ND CONNECTION 
41 .000 ♦ 
42.0 00 ♦ 
43.000 ♦ 
44 . ♦ 
45.0 00 ♦ 

46.0 00 ORG S0A0O BEGINNING OF PROGRAM 

47.000 ♦ ♦PIft ASSEMBLY^ 

43.000 CLR PIA1BC 
49.000 CLR PIA2AC 
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50 


.000 


CLR 


PIA2BC 


51 


.000 


LBfl 


ft 


®*?C 


52 


.000 


ST A 


ft 


PlfllBB 


53 


.000 


LBfl 


ft 


«*0FF 


54 


.000 


STfl 


ft 


PIA2AD 


55 


.000 


STfl 


ft 


PIR2BB 


56 


. 


LBfl 


ft 


«*S 04 


57 


.000 


STfl 


H 


PIfllBC 


58 


. 000 


STfl 


ft 


pir2rc 


59 


.000 


STfl 


R 


PIR2EC 



FIGURE 8 — 10-Bit SA Software (Pag* 2 of 3) 



6 . ♦ 

61.000 RESTART LBfl ft «$10 

62.000 STfl fl PlfllBB SET CONVERSION FINISHED 

63.000 CLR POHTR1 

64.000 CLR PONTR2 

65.000 ♦ 

66.000 ♦ 

67.000 ♦ 

68.000 ♦ ♦CYCLE TEST* 

69.000 ♦ 
70.000 ♦ 

71.000 CYCLE LBfl fl PlfllBB 
72.000 RNB fl "$02 
73.000 BEG CYCLE 

74.0 00 ♦ ♦RESET DftC INPUTS* 

75.000 CLR PIflE'flB 

76.000 CLR PIA2BB 

77.000 ♦ 

78.000 ♦ 

79.0 00 ♦ 

80.000 CLR PlfllBB RESET CONVERSION FINISHED 

81 .000 LBfl fl s$04 

82.000 STfl fl PDNTR 1 

83.000 ♦ 

84.0 00 ♦ 

35.000 ♦ 

36.000 ♦ 

87.000 CON VP T ROR PONTR1 



88 


. 000 


POP 


PONT RE 










89 


.000 


ECS 


RESTART 










90 


.000 


LBfl 


ft PIA2Ati 


RECALL PREVIOUS 


BIGITAL 


OUTPUT'! 8 


LSBJ 


91 


.000 


HUB 


A PDNTR 1 










92 


.000 


STfl 


A PIA2AB 


SET NEW DIGITAL 


OUTPUT 






93 


.000 


LDft 


A PIA2BB 


RECALL PREVIOUS 


DIGITAL 


OUTPUT? 2 


MSB} 


94 


.000 


ABB 


A P0NTR2 










95 


.000 


ST A 


A PIA2BB 


SET HE'.'.' DIGITAL 


OUTPUT 







96.0 00 ♦ 

97.00 ♦ ♦DELAY C DF COMPARATOR* 

98.000 ♦ 

99.000 NOR 
10 0.000 HOP 
101.0 00 NOP 
102.000 HOP 

103.000 LBA fl PIA1ED COMPARATOR TEST 

104.000 BMI YES 
1 05 . ♦ 
106.000 ♦ 

107.000 ♦ ♦LOW COMPARATOR LOO p * 

108.000 LBA A P I A2AB 

109.000 SUB ft PONTR1 

110.000 STR A P I A2AB 

111 .000 ST A A ANSI 

112.000 LIiA A PIA2BB 
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Full-Scale Input 
- 1.999 Voltj 



Ramp Control 



MC14435 



DU 

Digit Selact 



PA7 PA5 
PA6 



PA2 PAO 
P A3 PA1 



FIGURE 20 - 3yj-Digit Dual Ramp Using External Hardware 



One port of a PIA is required for the interface to the 
MPU. The I/O configuration of this PIA is shown in lines 
18 through 25 of the source program (Figure 21). The 
output of the MC14435 digital subsystem consists of 
three multiplexed BCD digits with the half digit output 
provided on a separate pin. The three most significant bits 
of the PIA port are connected to the digit select lines of 
the MC14435 while the four LSBs are connected to the 
BCD lines of the MCI 443 5. The remaining PIA bit is 
connected to the half digit output. Lines 36 through 39 
simulate the main MPU program which branches to the 
A/D subroutine starting in line 42. When this occurs the 
display update pin of the MCI 443 5 (CA2) is set low 
which allows only the next data update to enter the 
MC14435 output latches. The wait for interrupt (WAI) 
instruction (line 44) stores the MPU stack and waits 
until the comparator output causes an interrupt on CA1. 

At this point the processor is interrupted and vectored 
to the program beginning at line 50 causing it to demulti- 
plex the BCD data on the output of the MC14435. The 



least significant digit (LSD) is first selected by the pointer 
of lines 50 and 51. When a low condition on this LSD 
line occurs, the BCD data is stored via the indexed mode 
of addressing in memory location $0100. The pointer is 
then shifted to the next position (line 57) and when the 
digit select line goes low the BCD data is stored in the 
next sequential memory location (S0101). Then the 
MSD BCD value is placed in memory location $0102 
when the MSD digit select goes low. After the multiplexed 
BCD data has been placed in memory, the half digit is 
placed in memory location $0103. At this point the 
display update line to the MC14435 is returned to a high 
position and the MPU returns from the interrupt and 
then from the subroutine back to the main program which 
requested the data. 

A minimum of 183 lis, is required to transfer the A/D 
data to the MPU. This time period is dependent upon 
the A/D clock frequency which controls the digit se- 
lect lines. 



=•..00 ♦ 
6 . ♦ 

.000 



►♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦I 



10 

:i 

13 
1 4 



o 








□Rb 1.0010 
POINTS? RMB 1 



□Rb S400H 
PI HI RD RMB 



POINTER ROR TJISIT SELECT 
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FIGURE 21 - 314-Digit External Dual Ramp Software (Pas* 2 of 3) 




00 
000 
000 
000 
000 
000 
00 
000 
000 
000 

000 





00 
00 



00 
000 
000 
00 

000 
000 
000 
000 





000 











000 












73.000 
74.000 



PIfllflC RMB 1 

♦ 

♦ 

♦ ♦♦PIA1AB CONF I GURRT ION** 
♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

♦ PA7 ♦ PA6 ♦ PR5 ♦ PA4 ♦ PAS ♦ PRE ♦ PR1 ♦ PRO ♦ 



♦ MSB 



LSD ♦ ! '£ D* MSB 



LSB ♦ 



♦ BIGIT SELECT ♦ ♦ BCB ♦ 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 
♦ 

RESULTS STOPEB IN LOCATIONS 0100-0103 
LSD=0100 US. BIGIT=0103 



3 
31 
32 
33 
34 

j*5 BE 

36 
37 
38 
39 

4 
41 
42 
43 
44 
45 
46 
47 
43 
49 
50 
51 
52 
53 
54 
55 
56 



♦ 
♦ 

ORG 
CLI 
CLP 
CLR 



$0900 




PIA1AC 
PIA1AB 
LBA A «$3C 
ST A P PIfllAC 
LBS «S0 020 

♦ 
♦ 

NOP 

JSR CONVRT 
ENB NOP 
BRA END 

♦ 

CONVRT LBfl P 8«35 
LBR E PIA1AB 
STR R PIR1RC 

m i 

RTS 

♦ 
♦ 
♦ 

BEGIN LBA R ":f20 
STR R POINTR 
LBX if-SOlOO 

NEXT LBR R PIR1AB 
TAB 

AND A POINTR 
BNE NEXT 
RDL PDINTR 
AND B «t0F 
STR E OjX 
I NX 

BCC NEXT 
LBA R PIR1RB 
• RNB R s*Slfi 



PIR ASSEMBLY 



miH PROGRAM S IMULAT I ON 



A-D CONVERSION SUBROUTINE 
DUMMY PEAB OF PIA BRTR REGISTER 



BEG IN I NG OF INTERRUPT PROGRAM 



LSR 
LSP 
LSR 
LSR 



ST A A 0,X 
LBfl A B*3C 
STfl R PIR1RC 
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75.000 PTI 
76.0 00 ♦ 
77.000 ♦ 
78.000 ♦ 
79.000 MdN 



FIGURE 21 - 3%-Digit 



SUMMARY 

Many MPU systems require analog information, which 
necessitates the use of an A/D converter in the micro- 
processor design. This note has presented two popular 
A/D techniques used in conjunction with the M6800 
microprocessor system. These techniques, successive 
approximation and dual ramp, were shown using the 
MPU as the digital control element for the A/D system. 
This required dedication of the MPU to the A/D function 
during the conversion. Also shown were systems using 
the MPU to control the flow of data from an external A/D 
allowing the MPU to perform other tasks during the 
conversion. 

The variety of programs presented allow the designer 
to make a selection based upon hardware cost, conver- 
sion speed, memory locations and interrupt capability. 
Although the A/D programs shown here are complete 
designs, they are general designs and may be tailored 
to fit each individual application. Also a variety of digital 
outputs are available including binary, BCD, and 
7-segment. In conjunction with the BCD output a 16-bit 
binary to BCD conversion routine is presented in 
Appendix B. 



Dual Ramp Software (Paje 3 of 3) 
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APPENDIX A 
MPU INSTRUCTIONS 

Accumulator and Memory Instructions addressing mooes boolean/arithmetic operation cond. code heg. 



OPERATIONS 


MNEMONIC 


IMMED 


DIRECT 


INDEX 


EXTNO 


IMPLIED 


(All register labels 
refer to contents I 


5 


4 


3 


2 


1 





OP 




■j 


OP 




" 


OP * 













H 


1 


N 


Z 


V 


c 


Add 


ADDA 


38 


2 


2 


96 


3 


2 


AB 5 




- 

SB 


4 


3 






A 


M-A 


j 




{ 


J 


x 


t 




ADD6 


CB 


2 


2 


OB 


3 


2 


EB 5 


2 


F8 


4 


3 






8 + M-B 








J 




J 


Add Acmltrs 


A8A 
























IB 


2 1 


A + B -A 






j 


J 


% 


X 


Add with Carry 


ADCA 


89 


2 


2 


99 


3 


2 


A9 5 


2 


B9 


4 


3 






A+M+C-A 


* 




* 




i 


1 




ADCB 


C9 


2 


2 


09 


3 


2 


E9 5 


2 


F9 


4 


3 






B ♦ M + C - B 










* 




And 


ANDA 


84 


2 


2 


94 


3 


2 




2 


B4 


4 


3 






A 


M-A 












• 




ANDB 


C4 


2 


2 


D4 


3 


2 


E4 5 


2 


F4 


4 


3 






B 


M-B 














Bit Test 


BITA 


85 


2 


2 


95 


3 


2 


A5 5 




85 


4 


3 






A 


M 
















81TB 


CS 


2 


2 


D6 


3 


2 


E5 5 


2 


F5 


4 


3 






B 


M 










_ 




Clear 
















6F 7 


2 


7F 


G 


3 






00 


-M 








g 


R 


R 




CLRA 
























4F 


2 1 


00 


-■A 






_ 










CLRB 
























5F 


2 1 


00 


-B 






R 




R 


H 


Compare 


CMPA 


81 


2 


2 


91 


3 


2 


A1 5 


2 


81 


4 


3 






A 


- M 








j 


J 


X 




CMP8 


CI 


2 


2 


01 


3 


2 


El 5 


2 


F1 


4 


3 






B- 


- M 








j 


J 


I 


Compare Acmllrs 


C8A 
























11 


h 1 


A 


- B 








} 


t 


I 


Complement. I's 


COM 














63 7 


2 


73 


6 


3 






K 


*i 
















COMA 
























43 


2 1 


s 


• A 








f 








COMB 
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2 1 


B- 


•B 










R 


?j 


Complement, 2's 


NEG 














60 7 


2 


70 


6 


3 






00 


- M--M 










CE 


(Negate) 


NEGA 
























40 


2 ) 


00 


- A -* A 








t 


j® 


■■/; 




NEGB 
























50 


2 1 


00 


-8-8 








j 


CE 


X' 


Decimal Adiust, A 


DAA 
























19 


2 1 


Converts Binary Add. of BCD Characters 








| 




































into BCD Format 














Decrement 


DEC 














6A 7 


2 


7A 


6 


3 






M 


- 1 -M 










4 

■ 






DECA 
























4A 


2 1 


A 


-1 -A 
















DECS 
























SA 


2 1 


B 


- 1 - B 






* 








Exclusive OR 


EOflA 


88 


2 


2 


98 


3 


2 


AS 5 


2 


se 


4 


3 






A©M — A 












* 




EORB 


C8 


2 


2 


D8 


3 


2 






F8 


4 


3 






B©M-8 






1 


t 


R 


• 


Increment 


INC 














6C 7 




7C 


G 


3 






M 


► 1 -M 








t 


T\ 
15- 






INCA 
























4C 


2 1 


A+ 1 -*A 






t 




Ti 
Jy 






INCB 
























5C 


2 1 


B + 1-8 








t 


■5 




Load Acmltr 


LDAA 


86 


2 


2 


96 


3 


2 


A6 5 


2 


BG 


4 


3 






M 












R 


* 




LDAB 


EB 


2 


2 


06 


3 


2 


E6 5 


2 


F6 


4 


3 






M 


■* B 












* 


Or, Inclusive 


ORAA 


BA 


2 


2 


9A 


3 


2 






BA 


4 


3 






A+ M - A 










ft 


• 




ORAB 


CA 


2 


2 


OA 


3 


2 


EA 5 

■ 




FA 


4 


3 






B +M — 6 








t 


R 




Push Data 


PSHA 
























36 


4 1 


A -M S p. SP-1-SP 






• 


* 


* 






PSHB 
























37 


4 1 


8-M S p,SP-1-SP 






• 


* 


* 


* 


Pull Data 


PULA 
























32 


4 1 


SP 


* 1 -SP, M SP -A 






• 


* 


* 


* 




PULB 
























33 


4 1 


SP 


+ 1-SP, Msp-B 






• 


* 




* 


Rotate Left 


ROL 














69 7 


2 


79 


G 


3 






M 


1 — □ — rmTTm — 








t 


.£ 


i 




ROLA 
























49 


2 1 








J 


I 


i ; 


t 




ROLB 
























59 


2 1 


:. 


C b7 — bO 






1 


t 


■ : 


i 


Rotate Right 


ROR 














66 7 


2 


76 


6 


3 






M 


1— o — rmTTm — 








I 


'£ 






RORA 
























46 


2 1 


A 








t 


I' 


i 




RORB 
























56 


2 1 


B. 


C b7 — bO 








t 


© 


i 


.Shift Left, Arithmeiic 


ASL 














7 


2 


78 


6 


3 






m' 










t 




i 




ASLA 
























48 


2 1 




□ - t I I I I 1 1 I 1— - Q 








i 


51 


t 




ASLB 
























58 


2 1 


B 


C b7 bO 










1 


t 


Shift Right. Arithmetic 


ASR 














7 




77 


6 


3 






M 








* 


1 


© 






ASRA 
























47 


2 1 










t 




z 


j 




ASRB 
























57 


2 1 


: 


b7 bO C 






1 


t 




t 


Shift Right, Logic 


LSR 














64 7 


2 


74 


6 


3 






M 








R 






t 




LSRA 
























44 


2 1 




—1 1 1 1 1 M 1 1 — □ 






R 


t 




t 
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2 i 


b] 


b7 bO C 










E 
■J> 




Store Acmltr . 


ST A A 








97 


4 


2 


A7 6 


2 


B7 


5 


3 






A 


* M 






1 


t 


R 


• 




STAB 








D7 


4 


2 


E7 6 


2 


F7 


5 


3 






B- 


-M 








t 


R 


• 


Subtract 


SUBA 


80 


2 


2 


90 


3 


2 


AO 5 


2 


BO 


4 


3 






A 


-M-A 








I 


J 


i 




SU8B 


CO 


2 


2 


DO 


3 


2 


EO 5 


2 


FO 


4 


3 






B 


M-B 








i 


t 


i 


Subtract Acmltrs. 


SBA 
























10 


2 1 


A 


-B-*A 








j 


t 


i 


Subif. with Carry 


S8CA 


82 


2 


2 


92 


3 


2 


A2 5 


2 


B2 


4 


3 






A 


- M - C-A 








t 


t 


■i 




S8CB 


C2 


2 


2 


02 


3 


2 


EZ 5 


2 


F2 


4 


3 






B 


- M - C — B 








t 


J 


i 


Transfer Acmllrs 


TAB 
























16 


2 1 












R 


• 




TBA 
























;7 


2 1 


B 


• A 








t 


R 




Test. Zero or Minus 


TST 














60 7 


2 


70 


6 


3 






M 


- 00 








t 


R 


R 




TSTA 
























4D 


2 1 


A 


-00 








t 


R 


R 




TST8 
























5D 


2 1 


B 


-00 








i 


R 


R 




H 




N 


z 


V 


G 



LEGEND: CONDITION CODE SYMBOLS: 



OP 


Operation Code (Hexadecimal); 




Boolean Inclusive OR; 








Number of MPU Cycles: 


© 


Boolean Exclusive OR; 


H 


Half-carry from bit 3; 


# 


Number of Program Bytes; 


1 


Complemeni of M; 




interrupt mask 




Arithmetic Plus; 




Transfer lnt.o; 


N 


Negative (sign bit) 




Arithmetic Minus; 





Bit 1 Zero; 


Z 


Zero (byte) 




Boolean AND; 


00 


Byte = Zero; 


V 


Overflow, 2's complement 


M S P 


Contents of memory location pointed to be Stack Pointer; 






C 


Carry from bit 7 










R 


Reset Always 


Note 


- Accumulator addressing mode instructions are included in 


the column for IMPLIED addressing 


S. 


Set Always 










1 


Test and set if true, cleared otherwise 




i 






• 


Not Affected 
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Index Register and Stack Manipulation Instructions boolean/arithmetic operation cond. cope reg. 



POINTER OPERATIONS 


MNEMONIC 


IMMED 


DIRECT 


INDEX 


EXTND 


IMPLIED 


BOOLEAN/ARITHMETIC OPERATION 


5 


4 


3 


2 


1 





OP 




# 


OP 




= 


OP 




= 


OP 




B 


OP 




# 


H 


1 


N 


2 


V 


C 


Compare Index Reg 


CPX 


8C 


3 


] 


3C 


4 


2 


AC 


6 


7 


BC 


5 


3 








X H -M, X L -(M + t) 








I 


1 


• 


Decrement Index Rag 


DEX 


























09 


4 




X- 1-X 






• 


t 


• 


• 


Decrement Stack Pntr 


DES 


























33 


4 




SP- 1 -SP 














Increment Index Reg 


INX 


























08 


4 


1 


X ♦ 1 -X 






• 


» 


• 


• 


Increment Stick Pntr 


INS 


























31 


4 




SP * 1 - SP 














Load Index Reg 


LDX 


CE 


3 


3 


DE 


4 


2 


EE 


8 


2 


FE 


5 


3 








M - X H . <M + 1) — X L 






3 


i 


R 


• 


Load Stack Pntr 


LOS 


8E 


3 


3 


9E 


4 


2 


AE 


6 


2 


iie 


5 


3 








M-3P H , (M + 11-SPl 






5 


t 


R 


• 


Store Index Reg 


STX 








□ F 


S 


2 


EF 


7 


2 


FF 


6 


3 








*h^m. *L ~" (M * 11 






'I 


I 


R 


• 


Store Stack Pntr 


STS 








9F 


5 


2 


AF 


7 


2 


BF 


S 


3 








SPH-*M r SP L -MM + 1) 






® 


t 


R 


* 


Indx Reg -Stack Pntr 


TXS 


























35 


4 


1 


X - 1 - SP 














Stack Pntr - Indx Reg 


TSX 


























30 


1 


! 


SP + 1 -* X 















Jump and Branch Instructions cond. code reg. 









RELATIVE 


INDEX 


EXTND 


IMPLIED 




b 


1 


3 


2 







OPERATIONS 




MNEMONIC 


OP 




ft 


OP 






OP 






OP 






BRANCH TEST 


H 


1 




1 


V 


c 


Branch Always 




BRA 


20 




2 




















None 














Branch If Carry Clear 




8CC 


24 




2 




















C = 














Branch II Carry Set 




BCS 


25 




2 




















C- 1 














Branch If * Zero 




BEQ 


27 




2 




















Z= 1 














Branch If >Zero 




BGE 


2C 




2 




















N © V = 














Branch If > Zero 




BGT 


2E 




2 




















2 * (N © V) - 














Branch If Higher 




SHI 


22 




2 




















C + Z = 














Branch If < Zero 




BLE 


2F 




2 




















Z + (N © V) = 1 














Branch If Lower Or Same 




BLS 


23 




2 




















C + Z-1 














Branch If < Zero 




BLT 


2D 




2 




















N © V = 1 














Branch If Minus 




BUI 


28 




2 




















N = 1 














Branch If Nat Equal Zero 




BNE 


26 




2 




















z = o 














Branch If Overflow Clear 




BVC 


28 




2 




















V = 














Branch If Overflow Set 




BVS 


29 




2 




















V- 1 














Branch If Plus 




8PL 


2A 




2 




















N = 














Branch To Subroutine 




BSR 


80 


8 


I 






































JMP 








6E 


4 


2 


7E 


3 


3 








| See Specie! Operations 














Jump To Subroutine 




JSR 








AO 


8 


2 


8 D 


9 


3 






















No Operation 




NOP 




















02 


2 




Advances Prog. Cntr, Only 














Return From Interrupt 




RTI 




















3B 


10 








- ® 






























Return From Subroutine 




RTS 




















39 


6 


















Software Interrupt 




SWI 




















3F 


12 




| See Special Operations 




0) 










Wail for Interrupt 




WAI 




















3E 


9 






# 


• 


• 


• 


• 



Condition Code Register Manipulation Instructions 



OPERATIONS 


MNEMONIC 


IMPLIED 


BOOLEAN OPERATION 


5 




3 


2 


1 





OP 




# 


H 




N 


Z 




C 


Pear Carry 


CLC 


oc 


2 




0-C 








• 




R 


Dear Interrupt Mask 


Cti 


OE 


1 




o-*i 








• 




• 


Clear Overllow 


CLV 


OA 


2 




0-V 








• 




• 


Set Carry 


SEC 


00 


2 




1 -c 








• 




S 


Set Interrupt Mask 


SEI 


OF 


I 




1^1 








• 




• 


Set Overllow 


SEU 


OB 


2 




1 -V 








• 


s 


• 


Acmltr A CCR 


TAP 


06 


2 




A^CCR 






D 




CCR-Acmltr A 


TPA 


CD 


2 




CCR-A 






• 


• 


• 



CONDITION CODE REGISTER NOTES: 



(Bit set il lest is true and cleared otherwise) 



1 


(B.t V) 


Test: Result ■ 10000000? 


2 


(Bit 


Test: Result = 00000000? 


3 


(Bit 


Test: Decimal value of most significant BCD Character greater than nine? {Not cleared if previously set.) 


4 


(Bit V) 


Test: Operand " 10000000 prior to execution? 


$ 


(Bit V) 


Test: Operand = 01111111 prior to execution? 


t 


(Bit V) 


Test: Set equal to result of N©C after shift has occurred. 


7 


(Bit N) 


Tbsi: Sign bit of most significant (MS) byte = 1? 


8 


(Sit V) 


Test: 2's complement overflow from subtraction of MS bytes? 


8 


(Bit N) 


Test: Result less than zero? (Bit 15 =■ 1) 


ID 


(All) 


Load Condition Code Register from Stack. {See Special Operations) 


It 


(Bit 1) 


Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exit the wait state. 


12 


(All) 


Set according to the contents of Accumulator A. 
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APPENDIX B 
BINARY-TO-BCD CONVERSION 

A standard technique for binary-to-BCD conversion is 
that of the Add 3 algorithm. Figures Bl and B2 show a 
flow diagram and example of this algorithm. The tech- 
nique requires a register containing the N-bit binary 
number and enough 4-bit BCD registers to contain the 
maximum equivalent BCD number for the initial binary 
number. The conversion starts by checking each BCD 
register for a value of 5 or greater. If this condition 
exists in one or all of these registers (initially this con- 
dition cannot exist), then a 3 is added to those registers 
where this condition exists. Next the registers are shifted 
left with the carry out of the previous register being the 
carry in to the next register. Again each BCD register is 
checked for values of 5 or greater. This sequence con- 
tinues until the registers have been shifted N times, where 
N is the number of bits in the initial binary word. The 
BCD registers then contain the resulting BCD equivalent 
to the initial binary word. The example in Figure B2 
starts with an 8-bit binary word consisting of all "l's." 
This word is converted to the BCD equivalent of 255 by 
this technique. After 8 shifts the last binary bit has been 
shifted out of the binary register and the hundreds, tens, 
and units registers contain a 255. 

Figure B3 shows an MC6800 software routine for per- 
forming this technique of binary to BCD conversion. 
The initial binary number is a 16-bit number and occupies 
memory locations MSB and LSB; this binary number is 
converted to the equivalent BCD number in memory 
locations TENTSD, HNDTHD and UNTTEN. Each of 
these memory locations contains two BCD digits. Eighty- 
three memory locations are required for program storage 
with a maximum conversion taking 1 .8 ms. , 




Conversion Finished 

FIGURE B1 - Binary to BCD Conversion Flow Diagram 



Shift 
Shift 
Shift 

Add 3 to Unitt 
Shift 

Add 3 to Unta 

Shift 

Shift 

Add 3 to Ten, 

Shift 

Add 3 to Unit* 
Shift 



FIGURE B2 - Binary to BCD Conversion 



FIGURE B3 - Binary-to-BCD Conversion Software (Page 1 of 21 



1.000 
£.000 

3.000 



NHM DWA£l 
□FT MEM 



,000 
,000 
,000 
,000 
8 . 000 
'3.000 
10.000 
11 .000 
l£.0o0 
13.000 
14.000 
15.000 
16.000 
17.000 
18.000 
19.000 
£0.000 
£1 .000 
££.000 
£3,000 



ORG 
MSB RMB 1 
Lit RMB 1 
♦ 

♦ 

□RG J.0 010 
UM7 TEN RMB 
HNDTHD RMB 
TENTSD RMB 
♦ 
♦ 
♦ 



BINARY TO BCD CONVERSION 
HDD 3 ALGORITHM 
It. BIT 



♦ 
♦ 
♦ 



INITIAL BINHRY NUMBER 
MOST SIGNIFICANT 3 BITS 
LEAST SIGNIFICANT 8 BITS 



BCD RESULTS 
UNITS HND TENS DIGITS 
HUNDREDS HND THOUSANDS 
TENS OF THOUSANDS DIGIT 
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24 

25 
26 

.27 
23 
29 
30 
31 
32 
33 
34 
35 
36 
37 
33 
39 
40 
41 
42 
43 
44 
45 
46 
4? 
48 
49 
5U 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 



.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.0 00 
.000 
.000 
.000 
.000 
. 
.000 
.0 00 
.00 
.000 
.000 
. 
. 000 
. 000 
. 000 
.000 
.000 
.0 00 
.000 
.000 
.000 
.000 
.000 
.000 
. 000 
.000 
. 000 
. 
. 000 
.000 
.000 
. 
. 
. 
. 000 
. 
. 000 
.000 



ORG *0F00 
CLR UNTTEN 
CLR HNDTHD 
CLR TEMTSD 
LBX w$0010 
BEGIN LBfi fi UNTTEN 
TAB 

flNB A «$0F 

SUB A w$05 

BMI FIT 

RDH B «S03 
AT TBfl 

ANB fl «$0F0 

SUB fl »S30 

BMI BT 

ADD B ss$3 
BT STfl B UNTTEN 
♦ 

LDA fl HNBThB 
TAB 

AND A **$0F 

SUB A :;»05 

BMI CT 

ADH B «S03 
CT TBA 

AND A «*OF0 

SUB A e*50 

BMI BT 

ADD B »S30 
DT ST A B HNBTHD 
♦ 

LBA A TENTSB 
TAB 

SUB fl i»S 09 

BMI ET 

ABB B »$03 
ET STfl B TENTSB 
♦ 
♦ 

RSL LSB 
RDL MSB 
ROL UNTTEN 
RDL HNBTHD 
RDL TENTSB 
DEX 

BNE BEGIN 



♦♦BEGINNING QF PROGRAM^* 



UNITS COMPARISON 



TENS COMPARISON 



HUNDREDS COMPARISON 



TENS OF THOUSANDS COMPARISON 



END Dr CONVERSION CHECK 



END 
mOn 



FIGURE B3 - Binary-toBCD Conversion Software (Page 2 of 2) 
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AN-764 



A FLOPPY DISK CONTROLLER USING 
THE MC6852 SSDA AND OTHER M6800 
MICROPROCESSOR FAMILY PARTS 



Prepared by: 
Larry A. Parker 

Semiconductor Systems Engineering 



This application note describes a floppy 
disk controller based on the M6800 fam- 
ily of parts. It uses the Synchronous 
Serial Data Adapter (SSDA) as the primary 
data interface with the MPU and does not 
require DMA for transfer of data to and 
from memory. A Peripheral Interface 
Adapter (PIA) controls all non-date re- 
lated operations in the controller (includ- 
ing seek, drive selection, etc.). 
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A FLOPPY DISK CONTROLLER USING THE MC6852 SSDA AND 
OTHER M68OO MICROPROCESSOR FAMILY PARTS 

INTRODUCTION 



With the introduction of the MC6852 SSDA. the task 
of interfacing synchronous serial peripherals such as 
floppy disks, tape cassettes or cartridges, and bi-sync or 
HDLC data channels, has been reduced significantly. 

Described in this application note is an efficient and 
flexible floppy disk controller design. Various features of 
this design include: 

• Controller operates one to four daisy-chained drives 

• Four drive radial configuration possible with addi- 
tional multiplexing 

• Flexible drive interfacing 

• MPU controls data transfer allowing: 

• Store only desired data from a sector into 
memory 

• Search disk for pattern match without transfer- 
ring data into memory until pattern is found 

• Read or write entire track in one revolution; 
consecutive tracks on consecutive revolutions 

• DMA not required when using host MPU 

• Interrupt MPU system operations on address mark 
match to start operations, allowing increased 
throughput 

• Seek interlaced with R/W when using radial con- 
figuration 

• Hard or soft sectoring 

• IBM or user programmable sync patterns and 
format 

• Write format blank disks 

• Cost competitive 

• Effective use of MPU leaves time available for ad- 
ditional tasks (see Table 1). 

• Low parts count 

Controller: (MPU and RAM shared with system) 



Formatter 



Data Recovery 

Drive Interface 

Buffers and 
Receivers 

MPU System 
Interface 



14TTL SSI, MSI Devices 
1 SSDA 
1 PIA 
1 CRCCG 

5 TTL + filter SSI, MSI 
Devices 



5-10TTL/CMOS Devices 
+ Termination 

2-5 TTL/Three-state Devices 



The disk controller system consists of four basic blocks 
as shown in Figure 2. The PIA serves as the interface to 
the drive controls. There are 16 available PIA lines which 
allow a wide variety of drive configurations. The remain- 
ing four lines are used internal to the controller. The clock 
is separated from the raw disk data by the phase-locked 
loop data recovery block. The SSDA has the responsibility 
of synchronizing read/write operations and serializing/ 
deserializing the data. Error detection and system clock 
functions are performed by the CRCC and clock control 
logic block. 

The MPU has essentially complete software control 
over the system. Mechanical drive functions and status 

TABLE 1 



Function 


Conditions 
IBM Format 


Microprocessor Processing 
Time Available for 
Non-Floppy Operations 


Consecutive 
Sector R/W 
on Multiple 
Tracks 


Processing non-floppy 
operations allowed 
only between sectors 


I ms between sectors 

= 25 ms 21 .6% 

II ms at Index 


Read or 
Write a 
Single 
Sector 


Processing non-floppy 
operations allowed 
while R/W the sector; 
a 44 >is R/W loop is 
assumed for 2 bytes 
of data 


52 lis block available 

each 192 ms 43.7% 
42 " 52 fii = 2.184 ms 


Consecutive 
Sector R/W 
on Multiple 
Tracks 


Processing non-floppy 
operations allowed 
while R/W a sector 
and between sectors 
as above 


See above 65.3% 


Search for 
Sector 


Assume 250 ms to 
Read and Test ID 
block for match 
after Sync Interrupt 


1.00- 3.9 ms/rev 96.1% 


Search for 
Track 


Assume 50 ms to 
process track info 
for each step 


1.00 - 50 ms/ 99.97% 
167 ms 



such as step, step direction, head load, ready, write en- 
able, etc. are controlled and monitored in software by the 
MPU via the PIA. SSDA data transfer operations are 
initialized and supervised with MPU instructions. Due to 
the PIA, SSDA and system hardware configuration, pro- 
gramming can be kept simple and effective with a mini- 
mum of software overhead. Basic driver routines can be 
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FIGURE 1 - M6800 Floppy Disc Controller Schematic 
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FIGURE 2-Floppy Disk Controller Block Diagram 



To MPU 
System 



1/ 
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Raw 
Read 
Data 
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written with fewer than 600 bytes of code. Operating 
systems suitable to most user needs can be done within 
two to four kilobytes. 

Specific descriptions of the data recovery circuit and 
read and write operations are discussed in the following 
pages. Simplified logic diagrams are used in the circuit 
descriptions. The actual system schematic is shown in 
Figure 1. 

It is important to be familiar with the operation of the 
SSDA, PIA and the IBM 3740 format in order to under- 
stand the controller design. A review of the MC6820 and 
MC6852 data sheets is recommended. A discussion of 
drive interfacing and IBM format can be found in the 
M6800 Microprocessor Applications Manual. A descrip- 
tion of the software drivers and the software for the con- 
troller is available upon request. 



DATA RECOVERY CIRCUIT DESCRIPTION 

The raw data from the drive (clock and data) is termi- 
nated and buffered before clocking the first D. flip-flop 
(Figure 3-B and Figure 4-B). Flip-Flops 1 and 2 generate a 
negative pulse 1 VCO period wide (Figure 3-D and Figure 
4-D) which is used to load the reference counter with 9 
and to set the data flip-flop 3. 

IBM 3740 data can have only one consecutive pulse 
missing in the stream. By loading the reference counter 
with 9, Q3 will have a positive transition within 15 VCO 
periods generating a clock edge even if the data pulse is 
missing (Figure 3-E and Figure 4-E). Carryouts will occur 
every 2 us (16/f Q ), nominally providing a fundamental 
reference for the frequency/phase detector (Figure 3-F 
and Figure 4-F). The variable input to the frequency/ 
phase detector is generated by dividing f G by 16, using the 
carryout to give a pulse similar in duration to the 
reference. 

Negative transitions on Q3 are inverted and clock flip- 
flop 3, whose output goes low (Figure 3-G, H and Figure 
4-G, H). If a data pulse is present, the flip-flop is set by 
pulse from flip-flop 2 (Figure 3-D, Figure 4-D). If no data 
pulse is present, the output of flip-flop 3 remains low 
until set by a data pulse which must occur within 32 us of 
the last one. The output of flip-flop 3 is then clocked one 
Q3 period later by Q3 to generate the NRZ data required 
by the formatter circuitry (Figure 3-J, Figure 4-J). 

The 8-bit shift register provides 16 fis delayed data 
which is fed to the CRCCG. The SSDA clocks in 8 bits of 
data at 500 kHz before sync occurs and the read opera- 
tion starts; because the sync data is included in the CRCC 
permutation, this sync data must be included in the CRCC 
field. 

Phased-locked loop design is described in Motorola 
Application Note AN-535. 

READ OPERATION 

The sync code register of the SSDA is used to synchro- 



nize read operations by testing the incoming data stream, 
clocked at 500 kHz (2X clock), for the first half clock and 
data pattern of the desired address mark. When a match is 
found, the external circuitry is released by the Sync 
Match (SM) output and the second half of the address 
mark (clock and data) is read from the SSDA Rx FIFO 
(when it becomes available) and tested for a match with 
the desired type. If it does not match the sequence is 
restarted. If the second half of the address mark matches, 
the desired data transfer is initiated. The external circuitry 
switches the SSDA read clock to 250 kHz (IX clock) after 
the second half of the address mark has been received so 
that only the data portion of the remaining Rx FIFO 
information is recovered. The external circuitry also con- 
trols the CRCC generator (CRCCG) timing so that only 
the data portion of the recovered information is clocked 
into the generator. 

After the data block has been transferred, the CRCC 
status is made available to the MPU for 32 lis at a PIA 
peripheral line. 



READ DATA LOGIC 

Figure 5 is a simplified logic diagram of the read data 
logic. Figure 6 is a timing diagram which shows the signal 
timing relationship when a read operation is begun. 

This explanation of the read data logic assumes that 
system initialization has been completed. This includes 
the completion of the seek and head load operation. The 
enable read line is set and the formatter reset line has been 
toggled to reset the sync match latch and set the switch 
clock rate latch. These two previous operations are 
initiated in software and are executed via the system 
Peripheral Data Adapter (PIA). Initialization of the 
Synchronous Serial Data Adapter, SSDA, has been com- 
pleted as described in the SSDA Read Preparation section. 

Raw serial data is processed by the data recovery cir- 
cuit which provides the separated read data and 500 kHz 
clock to the read data logic, Figure 5-A, B and Figure 6-A, 
B. 

The 500 kHz clock from the data recovery circuit is 
inverted, delayed and then fed to the SSDA read clock 
input (RxD), via combinational AND/OR selector logic 
controlled by the switch clock rate latch. Figure 5, Figure 
6-C. Inverting the clock provides the correctly phased 
positive transition to load the read data in the SSDA 
receiver shift register. The delay (4 inverters) is necessary 
to prevent a possible timing glitch which will be discussed 
later. The 500 kHz, 2X clock rate will load the receiver 
register with both clock and data bits from the read data 
line. 

When the bit pattern loaded in the receiver shift regis- 
ter is equal to the pattern present in the SSDA sync code 
register, the SSDA synch match output, SM, will go high 
for one read clock period, Figure 6-D. When the sync 
match occurs, the SSDA receive data FIFO is internally 
enabled and will begin to store the read data, Figure 6-D. 
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FIGURE 3-Data Recovery Circuit 
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FIGURE 4-Data Recovery Timing 
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FIGURE 5-Read Data Simplified Logic Diagram 
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FIGURE 6-Read Data Logic Timing Diagram 
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The clock and data bit pattern used for sync match 
with the IBM 3740 format is a hex F5. The example in 
Figure 6-B shows the ID address mark which has the clock 
and data bit pattern of Hex F5 7E. Sync match will also 
occur with the data address mark which is Hex F5 6F. 
The sync code F5 portion of either address mark will not 
be stored in the receiver FIFO. The second half of the 
address mark, 7E or 6F will be the first byte of data 
stored. 

The first positive transition of the 500 kHz clock 
occurring while the sync match output is high will set the 
sync match latch, Figure 5-E, Figure 6-E. The Q output of 
the sync match latch will enable the + 16 counter. After 
eight counter counts, Figure 6-F, Q3 of the +16 will reset 
the switch clock rate latch, Figure 6-G, H. As mentioned 
previously, the clock rate latch controls the AND/OR 
selector and, at this time, the 250 kHz clock rate, +16-Q0, 
Figure 6-C, is selected and fed to the SSDA read clock. 
Because the +16 counter and clock rate latch are both 
synchronized with the 500 kHz clock, the delay in the 
500 kHz read clock is necessary to guarantee that the 
AND/OR selector is switched before the next positive 
transition of the 500 kHz read clock at the clock rate 
switch point. Figure 6-C. After the clock rate has been 
switched, the delay is no longer needed. The read data is 
now being clocked into the SSDA receiver register at a 
250 kHz rate so that only the data bits will be loaded. The 
eight count delay between the sync match and clock rate 
switch point allows the second half of address mark to be 
clocked into the SSDA receive data FIFO register at the 
2X clock rate. 

The receive data FIFO will now continue to fill with 
data bits clocked in at the 250 kHz read clock rate. As 
described in the MC6852 SSDA data sheet, the Receiver 
Data Available (RDA) bit in the SSDA status register will 
be high when data is available in the last 2 locations of the 
Rx Data FIFO. The read data can now be read from the 
SSDA via the system parallel data bus. 

The read operation will continue at the 250 kHz read 
clock rate until terminated or reset with software. 

CRC READ ERROR CHECK LOGIC 

Figure 7 is a simplified logic diagram of the read data 
logic. Figure 8 is a timing diagram which shows the signal 
timing relationship when a CRC read operation is begun. 



This explanation of the CRC read logic assumes that 
the read operation is initialized and is running as described 
in the Read Data Logic discussion. The reset latch has 
been toggled which presets the MC8506 CRCCG, and 
resets the sync match latch. This is done with software via 
the PIA. Familiarity with the MC8506 Polynomial 
Generator (Cyclic Redundancy Check Character Genera- 
tor) data sheet is assumed. 

Separated data and the 500 kHz clock are provided to 
the CRC logic from the data recovery circuit, Figure 7-A, 
B and Figure 8-A, B. These data and clock signals are the 
same as those received by the Read Data Logic, Figure 
5-A, B and Figure 6-A, B, except that they are delayed 16 
jus by the eight-bit shift register. 

When SSDA sync code match occurs, the SSDA sync 
match line goes high, Figure 7-C, Figure 8-C. The first 
positive edge of the 500 kHz clock during sync match sets 
the sync match latch which enables both the +16 counter 
and the MC8506 CRCCG, Figure 7-D, Figure 8-D, E, F. 
The 250 kHz clock +16 Q0, is now fed to the CRCCG, 
Figure 8-E. 

At the 250 kHz clock rate, only the data bits from the 
read data are loaded into the CRCCG. The data presented 
to the CRCCG is delayed eight bits (four data bits), be- 
hind the read data. Figure 8-B, G. This allows the CRCCG 
to receive the first half of the address mark which occurs 
just before the sync match and before the CRCCG is 
enabled. The first half of address is included in the cyclic 
permutation of data bits which generate the two CRC 
bytes. Two CRC bytes append every ID and data field. 

If the complete address mark and ID or data field has 
been read correctly, the CRCCG All Zero line will go low 
after the last CRCC byte for that field has been read, 
Figure 8-H, G. The positive transition of the +16 Q3 out- 
put will reset the CRCC = latch, Figure 8-F, H, I. The 
CRCC = latch Q output will remain low until clocked 
again one byte time later by +16 03, Figure 8-F, I. The 
software test for a CRCC error must be made during that 
one byte time which immediately follows the last CRCC 
byte. (The CRCC = latch Q output is read by the soft- 
ware through the PIA). If a detectable read error occurs, 
the All Zero line will not go low and the CRCC = latch 
will remain high during the one byte test time. 

After completing a CRC check of a single ID field or 
data field, the CRC read error logic must be reinitialized 
before reading the next field by pulsing the Formatter 
Reset line. 
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FIGURE 7-CRC Read Error Check-Simplified Circuit Diagram 
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SSDA PREPARATION FOR READ 

Table 2 summarizes the necessary sequence of SSDA 
register programming steps for a read operation. A further 
explanation of SSDA Register programming is sum- 
marized in Table 1 of the SSDA data sheet. 

In this particular system, hardware chip selects with 
direct addressing are used to access the SSDA. Specifi- 
cally, writing into hex address 00 will select Control 
Register 1, CR1. Writing into the next address, hex 01, 
will access the CR2, CR3 or the Sync Code Register as 
selected with CR1. The SSDA Status Register is read by 
reading from hex address 00. Data is read from hex 01 . As 
described in the SSDA data sheet, the Sync and Control 
Registers are write only. Status and Data Registers are 
read only. 

In Table 2. Step 1, SSDA Control Register 1. CR1, is 
addressed and set to inhibit Receive, Transmit, and Sync, 
and CR3 is selected. Step 2 loads CR3 to prepare the 
SSDA for the one character internal sync mode. Step 3 
returns to CR1 and selects the Sync Code Register. The 
sync code hex F5 is loaded into the Sync Code Register in 
Step 4. These first four steps are required only once per 
read operation. 

Steps 5 through 1 1 must be carried out before each 
new field is read. Step 5 sets CR1 to select CR2. Step 6 
then loads CR2 to prepare the SSDA for eight bit word 
transfer, two byte RDA, and to inhibit the sync match 
output. Step 7 enables the receiver. In Steps 8 and 9, P1A 
Data Register B is addressed and set to enable read and 
toggle the read logic reset latch. Step 10 enables the 
internal sync and selects CR2. The sync match output is 
enabled in Step 1 1 . 

In Step 12, the SSDA Status Register is read and the 
RDA bit is tested. A high RDA indicates two bytes of 
data are ready and can be read from the Data Register as 
in Step 13. 

The SSDA must be programmed in the proper 
sequence to avoid several non-obvious errors. A combina- 
tion of the receiver reset mode and reading gap can cause 
a false sync match if the receiver is not enabled before the 
sync. The Receiver Shift Register, when reset, is actually 
set to all ones or hex FF. Gap read at the 2X rate will 
appear as alternating zeros and ones or hex 55. If a half 
byte of gap is clocked into the Receiver Shift Register, the 
contents of the register will be hex F5, the sync code. 
Enabling the receiver before enabling the sync allows hex 
FF to be clocked out of the register while sync is inactive. 
The reset latch miist also be toggled before enabling the 
sync. This switches the read logic back to the 2X read 
clock and prevents a possible false sync match with data 
at the IX rate. 



WRITE OPERATION 

The transmitter underflow (TUF) output is used to 
synchronize write operations by resetting the external +16 



bit counter while writing the pre-address mark gap from 
the sync code register at 500 kHz (2X clock). After count- 
ing 11 TUF's, 5-1/2 bytes of gap, the first half of the 
desired AM is stored in the Tx FIFO. 

When the first half of the address mark (C & D) enters 
the Tx Shift register, no TUF output will occur releasing 
the external hardware sequence. The second half of the 
address mark (C & D) is then stored in the Tx FIFO, 
followed by the data to be transferred to the disk. The 
external hardware switches the SSDA Tx Clock to 250 
kHz (IX clock) after the address mark is written and 
clocks the data portion of the information into the 
CRCCG. When the data transfer is complete, two dummy 
bytes are stored in the FIFO while the Frame Check 
Sequence (FCS) is appended by the CRCCG on command 
from the MPU via a PIA peripheral line. The Sync Code 
Register is loaded with the postamble which will be 
written at IX clock after the FCS has been appended and 
the first TUF has occurred. The sync code register is then 
loaded with the 2X gap clock and data pattern which will 
be written after the second TUF which switches the SSDA 
clock back to the 2X mode. Write current to the drive is 
controlled by the MPU via a PIA peripheral line and is 
initialed at the start of the pre-address mark gap and 
terminated after the postamble byte for all but write 
format operations where it is held on for the entire track. 

The Formatter Reset line must be pulsed prior to the 
next formatter operation to initialize the sequencer logic. 
During write format operations, this will not cause a gap 
glitch since the formatter has already switched back to the 
2X clock. 



WRITE DATA LOGIC 

The synchronization of the write logic with the SSDA 
is accomplished by the transmitter underflow (TUF) out- 
put of the SSDA. This line is inverted and fed to the +16 
bit time counter and to the enable CRCC flip flop (Figure 
9). The first TUF resets the +16 bit counter. The Q3 
output of the bit counter, which is clocked by the in- 
verted write oscillator (500 kHz), is used to clock the 
enable CRCC flip-flop. As long as TUF's are present, the 
+16 bit counter will be reset prior to its Q3 going high, 
preventing the enable CRC flip-flop from being clocked 
from its reset state (Figure 9-E, Figure 10-E). The first 
TUF missing at bit 7 time is clocked through the enable 
CRCC flip-flop, enabling the CRCC generator CRCCG 
(Figure 9-E, Figure 10-E) and allowing the switch clock 
rate flop to be clocked from its reset state by the next 
positive transition of Q3 (Figure 9-E, Figure 11-E). The 
switch clock rate flip-flop's outputs (Figure 9-H, Figure 
11-H) toggle after the 16 bits of address mark clock and 
data information have been transmitted by the SSDA at 
500 kHz. The SSDA Tx Clock (Figure 9-1, Figure 1 1-1) is 
then switched from the 500 kHz write oscillator to the 
250 kHz Q0 output of the +16 bit counter by the switch 
clock flip-flop's outputs combined with the AND/OR 
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logic. The switch clock rate flip-flop's outputs also control 
the selection of 2X write data and clock or IX write data 
and clock being fed to the write data formatting circuit 
(Figure 9-R). 

The CRCCG has been clocked from the first missing 
TUF by the ^16 QO output so that only the data portion 
of the transferred information is accumulated during the 
write data operation, including the data portion of the 
address mark (Figure 9-D, Figure 10-D). 

Once the last data byte has been transferred from the 
SSDA's Tx FIFO into the Tx Shifter, the MPU enables the 
shift CRCC line via the PIA (Figure 13-K and 14-K). This 
signal is then clocked by the next positive transition of Q3 
at the end of the last data byte. The shift CRCC command 
to the CRCCG is then delayed 1 jus (Figure 13-P, S, A; 
Figure 14-P, S, A; Figure 15-P, S, A) by the write oscilla- 
tor clock to allow for the last data bit to be transferred 
into the CRCCG registers before switching into the shift 
mode. 

Two dummy data bytes are written from the SSDA 
while FCS is being appended to the data field. This allows 
the MPU to keep track of the FCS status and disable the 
Shift CRCC command at the proper time, i.e., while the 
last dummy byte is to be shifted out of the SSDA. The 
disable shift CRCC command is clocked by the positive 
transition of Q3 at the end of the second dummy byte 
and is again delayed 1 lis before reaching the CRCCG. 
This switches the CRCCG data out back to the SSDA 
TxD. 

When the last bit of the second dummy byte is being 



transmitted, a TUF occurs indicating that the Tx FIFO is 
empty and the content of the sync code register will be 
transmitted next. The sync code register was previously 
loaded with the IX postamble data field and it will im- 
mediately follow the FCS field. The first TUF following 
the FCS is clocked by the positive transition Q3 to disable 
the CRCCG (Figure 13-C, E, F; Figure 16-C, E, F) starting 
the write termination sequence. The next positive transi- 
tion of Q3 restores the clock to the 2X mode which 
allows the second TUF to reset the ^-16 bit counter 
(Figure 13-F, H, N; Figure 16-F, H, N). While the post- 
amble is being written, the sync code register is loaded 
with the 2X gap clock and data pattern which will be 
written until the FIFO is loaded with the next address 
mark restarting the operation or the transmitter section is 
reset by software. Using this technique, the entire track 
may be formatted without write current to the drive being 
shut off and without any glitches at the switchover points. 

TUF's may be counted to determine gap sizes when 
write formatting the disk. 

The write data format logic takes the NRZ clock and 
data information (Figure 9-R and Figure 12-R) and 
generates the raw unseparated clock and data format 
required by the drive electronics (Figure 9-M and Figure 
12-M). The NRZ data is clocked and delayed for one-half 
a write oscillator period (Figure 9-L and Figure 12-L) to 
remove any delays generated in the previous logic. The 
inverted and delayed NRZ data is NANDed with the 500 
kHz write oscillator (Figure 9-A and Figure 12-A) to 
generate the -Write Data for the drive electronics. 
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FIGURE 9— Write Synchronization Simplified Circuit Diagram 
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FIGURE 11-Write Switch Clock Rate Timing Diagram 
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FIGURE 13-Writ. CRCC Simplified Block Diagram 
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FIGURE 15-WriteCRCC Detailed Timing 
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MEK6800D2 MICROCOMPUTER KIT 
SYSTEM EXPANSION TECHNIQUES 



Prepared By 
Wayne Harrington 

Microprocessor Applications/Systems Engineering 



The bus architecture of the MEK6800D2 
Kit Microcomputer provides straight- 
forward design options for memory or 
I/O port expansion. This note outlines 
techniques for interfacing an 8K or 16K 
memory array with the kit. A technique 
is also outlined whereby a data terminal- 
based ROM monitor such as MINIBUG 
may co-reside with the basic kit ROM 
JBUG Monitor. The resulting two- 
monitor system allows the user to switch 
between either the JBUG I/O port or 
the MINIBUG I/O port for moving data 
to and from RAM. 
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MEK6800D2 MICROCOMPUTER KIT 
SYSTEM EXPANSION TECHNIQUES 



INTRODUCTION 

The Motorola MEK6800D2 kit microcomputer sys- 
tem (hereafter referred to as MEK/D2) is a complete 
computer requiring only a +5 V power supply to begin 
microprocessor evaluation. It features a hexadecimal 
keyboard for data and command entry and seven- 
segment LED array for data display. In addition, the 
MEK/D2 provides an audio cassette I/O data transfer 
capability. Figure 1 presents a functional block diagram 
of the basic system. The intent of this note is to describe 
some useful system expansion techniques which exploit 
the architecture of MEK/D2 computer. This note is 
intended to supplement the information provided in the 
MEK/D2 manual and is divided into sections which 
discuss memory expansion, data I/O port expansion 
and expanded system application considerations. 

Off-board memory expansion involves only minor 
changes in addressing and control logic plus certain 
elementary control-handshake logic to support both 
dynamic memory arrays and provide MPU control for 
slow memory arrays. 

The inclusion of an I/O port to add data terminal 
communication in addition to the keyboard module 
function is accomplished by inserting control logic 
which converts MEK/D2 into a dual-monitor micro- 
computer system. This modification allows the basic 
MEK/D2 JBUG monitor ROM and its ACIA to co- 
reside with a MINIBUG ROM/ACIA combination. 
The JBUG-ROM/ACIA pair support keyboard and 
audio cassette data I/O transfer while MINIBUG, along 
with its ACIA, supports RS-232 or current loop-con- 
figured data terminals. Each ROM/ACIA pair may be 
manually initialized or software-accessed from the user 
program. 

The capability to select, initialize, or address loca- 
tions in either monitor ROM at will provides useful 
system application benefits. These include moving data 
between various storage media, directly addressing 
proven subroutines in either ROM from user program 
and manually selecting either monitor as desired to 
exploit the most useful commands of each during a soft- 
ware or system development phase. These modifications 
convert the MEK/D2 into a powerful software develop- 
ment tool. 



RANDOM ACCESS MEMORY EXPANSION 
Functional Design 

The basic MEK/D2 Microcomputer Module provides 
for a maximum of 512 bytes of On-Board static RAM. 
Expansion for additional memory is accomplished by 
providing address and data bus buffers as well as some 
Off-Board control logic. 

Figure 2 presents a functional block diagram sum- 
mary of the supplemental logic necessary to support 
Off-Board memory expansion. Shaded blocks represent 
logic available with the basic MEK/D2 system. This 
convention holds for all schematics and diagrams in 
this note. 

Certain static RAMs require up to 1 00 ns of data hold 
following chip deselect. The 10 ns data hold specified 
for the MC6800 MPU is insufficient to meet this require- 
ment. The data bus enable (DBE) stretch network shown 
must be added if this type of RAM is utilized in the Off- 
Board expansion array. The Memory Control Handshake 
Logic provides control and timing signals between logic 
resident on Off-Board memory systems and the MPU 
clock module. Data transceivers, with a control logic 
block, are required to buffer bidirectional data to the 
Off-Board memory array as shown. The block labled 
"Array Select Decoder" represents logic for converting 
high-order address decode signals to Memory-Block 
enabling signals. These activitate either the On-Board or 
Off-Board array within the appropriate addressing range 
of a memory reference instruction. 

Logic Design 

Figure 3 shows a network which exploits the propaga- 
tion delay of non-inverting CMOS buffers to generate a 
"stretched" <t>2 for processor and peripheral- data bus 
enable. This network delays the falling edge of DBES 
approximately 125 ns with respect to DBE. This meets 
the data hold time requirement of most static RAMs. 
Trim capacitor C( may be added for fine adjustments to 
account for device variations in accordance with the 
equation shown. 

Memory Control Handshake Logic is shown in Figure 
4. Clocked latches E17A and E17B provide signals to 
control either dynamic memory refresh or slow-memory 
access on a synchronous basis with respect to MPU 
timing. 
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Dynamic memory cells store data in the form of 
electronic charge on the capacitance inherent in MOS 
transistor junctions. This charge must be periodically 
"refreshed." This is accomplished in most dynamic 
memories by performing a "dummy" read or write 
operation on each cell. In the case of the 8K Dynamic 
RAM Module (MEX6815-3), complete memory refresh 
is accomplished by a modified internal read operation 
on each of 32 columns once every 64 jus. (memory 



system organization is 128 rows X 32 columns). The 
columns are accessed by an address multiplexer which is 
pulsed by the Refresh Grant (RG) handshake signal once 
every 64 /us. 

The power-up reset network, composed of E9 and 
E4D, sets latch E17A on power-up to insure a proper 
initialization of the refresh-handshake logic. E9 also 
automatically initializes the MPU system on power-up 
by pulsing E6/12. 
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FIGURE 4 - Memory Control Handshake Logic 



Figure 5 presents an example of refresh-handshake 
timing between latch E17A and logic on a dynamic 
memory system. The latch is clocked by AND-gate 
output Ca- The first low-to-high transistion of Ca (pulse 
1) following time-out of the refresh-period one-shot 
(8602) samples the logical zero state appearing at the D 
input of E17A. This state and its complement are trans- 
ferred by the rising edge of Ca to the Q and Q outputs 
of E17A as the signals Hold 1 and Refresh Grant (RG), 
respectively. The resultant falling edge of RG retriggers 



the 8602 to start a new timing cycle as shown in the 
diagram. This action returns the Request Refresh (RR) 
signal to logical one. This is sampled by the low-to-high 
transition of Ca, which returns Hold 1 high. The result- 
ing Hold 1 signal applied to the HI input of the MPU 
clock module is correctly phased to meet HI set-up and 
release time requirements and "freezes" the MPU clock 
in the phase relation shown. The resulting RG pulse 
automatically increments the refresh address counter for 
the next refresh cycle. 
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FIGURE 5 — Memory Refresh Handshake Logic and Waveforms 
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Figure 6 presents a typical example of slow memory 
control with handshake-timing between latch E17B and 
memory control logic on a slow memory board. Slow 
memory control signals are required to account for 
memories (or peripherals) whose access times are in the 
range of 540 to 4500 ns. The control signals provide 
proper slow memory data acquisition by freezing the 
MPU clock. This effectively allows the MPU to "wait" 
for memory data to return and still meet the maximum 
MPU bus memory access time specification of 540 ns. 
The access time upper limit of 4500 ns is determined by 
the maximum allowable clock phase 2 high time of 4500 
ns. High times in excess of this value will introduce data 
loss within the MPU dynamic registers. These registers 
use the MPU clock for refresh, just as with memory cells 
in dynamic RAM. The sequence of events for a slow 
memory access are described in the waveform timing 
diagram. The array decoder output, AS, goes high fol- 
lowing the low-to-high transition of 02 for a memory 
reference within the addressing range of the array. The 
high-state of AS (or Slo Mem Acc) applied to the 
asynchronous-set input of latch E17B releases the 
hold-set condition on the latch and allows it to be 
clocked by the first Cjj pulse. This forces Hold 2 (Q) 
low, which freezes the MPU clock in the phase relation 
shown. Hold 2 is returned high with the low-to-high 



transition of the next Cb pulse, since latch E17B is 
connected as a toggle flip-flop. Since Hold 2 is returned 
to logic 1, the clock is allowed to resume as shown, and 
the cycle is complete. The resulting freeze of the clock 
cycle with 02 high and 01 low adds a 1 -clock-cycle delay 
to the normal access time available. This scheme may be 
extended with additional counters and logic in place of 
the toggle flip-flop to hold the clock a multiple-number 
of MEM Clk cycles for very slow memories. The total 
hold time must not exceed the 4500 ns maximum limit. 

A key integrated circuit for generating system bus 
chip-select or enabling signals in the MEK/D2 is the 
high-order address decoder Ull — a 2-line to 4-line 
decoder/demultiplexer. This logic element decodes the 
three-most-significant bits, A15-A13, of the address bus' 
in accordance with the following truth table. 
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This scheme divides the 64K addressing range of the 
MPU into eight 8K blocks. The 512 byte static RAM 
array is placed in the bottom 8K range, the next two 8K 
blocks are reserved for expansion RAM, the fourth con- 
tains a user PROM, etc. 

Figure 7 presents the Bus Peripheral Allocation Map 
for the basic MEK/D2 system. Exact address boundaries 
of the bus peripherals described in the decoder truth 
table are defined in this map. The decoder output terms 
which enable the first three 8K blocks of memory, 
beginning with address zero, are RAM, 2/3 and 4/5. In- 
spection of the map shows that within the first address- 
able 8K block, only 512 bytes are dedicated to static 
RAM. This produces a memory addressing "gap" in the 
range 0200 to 1FFF as far as continuous addressing 
within the first 8K block is concerned. This problem 
may be solved by additional decoding of the three RAM 
select signals above so as to place an 8K expansion RAM 
in the first 8K addressing block, or a 16K expansion 
RAM within the first two 8K addressing blocks. The 512 
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byte static array is then placed in either the second or 
third block, respectively, "on top" of the expansion 
RAM. Figures 8 and 9 show the additional decode re- 
quired to form either an 8.5K or 16.5K memory con- 
figuration. Control and Timing signals necessary to 
support these arrays are also shown. 

Data flow direction to Off-Board memory is deter- 
mined by the decode/control logic shown in Figure 10. 
This logic asserts DBRE (Data Bus Receive Enable) for 
any MPU read cycle involving Off-Board memory. This 
enabling scheme should be used with any additional 
Off-Board memory, whether static or dynamic. 

Recent developments in semiconductor dynamic 
RAM system design have provided compact, cost- 
effective arrays such as the MMS68100 and MMS68103 
produced by Motorola Memory Systems. These are avail- 
able in 4K x 8, 8K x 8, or 16K x 8 size. The most 
notable feature of these memories is that the usual 
refresh-handshake logic, such as shown in Figure 4, is 
not required since refresh is processed by memory board 
logic during MPU phase 1 . 



I/O DATA PORT EXPANSION/MODIFICATION 
Dual Monitor System - Functional Description 

The basic MEK/D2 system with keyboard data entry 
and seven-segment light-emitting-diode display may be 
expanded to include a co-resident data terminal I/O 
capability which may be evoked manually or from user 
program. The software necessary to support data 
terminal operations is provided in firmware using a 
MINIBUG ROM. This ROM monitor co-resides with the 
JBUG monitor ROM supplied with the basic MEK/D2. 
ROM access and initialization is controlled by the logic 
shown in functional block diagram form in Figure 1 1 . 
With this scheme, peripheral chip-select signals derived 
from the high-order address decoder (U 11) are steered 
to the desired ROM-ACIA pair as a function of the state 
of the Chip Select Control signal, CSC. CSC is generated 
from either the manual ROM select switch (Sr) or by 
user-program command from the PIA. Control from user 
program automatically overrides the manual input but 
does not initiate an MPU reset cycle as does a manual 
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select from Sr. With Sr in position J (for JBUG enable), 
the ROM and I/O chip-select signals (ROM and I/O are 
steered, respectively, only to the JBUG ROM or ACIA, 
while the MINIBUG ROM and ACIA are held deselected. 
The converse actions occur for Sr at position M (for 
MINIBUG enable). Each toggle of Sr generates an MPU 
Reset pulse via the State Change Detect Logic. This has 
the effect of automatically initializing each monitor 
ROM when manually selected. Nine standard data 
terminal baud rates may be derived from existing 
MEK/D2 logic and are used to provide transmit and 
receive clocks for the MINIBUG ACIA. 
Logic Design 

Logic realizations of the system functions depicted in 
Figure 1 1 are presented in Figures 12, 14, 15, 16 and 17. 



Figure 12 shows the Chip Select Steering Logic, MPU 
Cycle-Sync Logic and State Change Detect Logic. Chip- 
select steering is accomplished by the network composed 
of gates ES and El C. The clocked-latch network (E3A — 
E3B) which generates the chip-select steering control 
signal, provides two design benefits. First, monitor 
switching occurs only after MPU reset is asserted and 
prior to a 02 cycle, thus assuring that data will not be 
erroneously written or read as a result of a manual 
monitor select. In addition, latch E3A, under the control 
of the PIA, provides an asynchronous-override to the 
manual select switch control. This feature allows direct 
access to subroutines in' either ROM or addresses in 
either ACIA from the user program. A subroutine to 
accomplish this access is described in a following section. 
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Figure 13 shows the chip-select timing for a manual 
command conversion from JBUG to MINIBUG via 
toggle switch Sr. Exclusive-OR gates E6 in Figure 12 
form the state-change detection circuit which generates 
a 4 ms reset pulse for automatic MPU initialization 
whenever the monitor select switch is thrown in either 
direction. Note that provision for direct push-button 
reset of the MPU is also retained via E6D to pin 
6ofU22. 

Figure 14 shows address, data and control signal 
interconnection to the MINIBUG ROM and its ACIA. 
Note that even though these peripherals reside at the 
same bus address as the JBUG pair, the two pairs are 
never simultaneously selected due to the complemen- 
tary' control nature of the chip select steering logic. 

Figures 15 and 16 show circuitry necessary for inter- 
facing with data terminals using either RS-232 or 
current-loop I/O configuration. Data terminal baud- 
rate clocks may be taken from the existing MCI 4040 
binary counter (U17) outputs as shown in Figure 17. 
An MC1455 connected as an astable multivibrator 
(El 3) is utilized to generate a baud-rate clock consistent 
with current-loop TTYs. 



Software Control Considerations 

Software access to addresses in either Monitor 
ROM or ACIA is gained through a subroutine which 
controls the output states of PBO and PB1 of the user 
PIA. The four possible states of PBO — PB1 produce the 
following control functions with respect to latch E3A, 
Figure 12: 
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Data Terminal-Only Configurations 

A configuration which employs data-terminal com- 
munication interface only may be easily implemented by 
inserting MINIBUG or MIKBUG Monitor ROMs into the 
JBUG ROM socket (U8). Foil path modifications and 
additional logic necessary to support these ROMs are as 
follows: 

Modifications for MINIBUG 

1. Cut foil path at U17, pin 13. 

2. Connect pins 3 and 4 of U23 (ACIA for Audio 
Cassette). 

3. Add terminal I/O interface logic as shown by 
Figures 15 or 16 and Figure 17. Connect U17 out- 
put to pin 3 or 4 of U23 as shown. U 1 7/3 need hot 
be cut (as shown in Figure 1 7) if 300 baud opera- 
tion is desired. 

Modifications for MIKBUG 

1. Add terminal I/O interface logic to the user PIA 
(U20) as described by the schematic of Figure 18. 

2. Cut foil paths at U8/10 and U8/11 and connect 
per Figure 18. 

The I/O logic and discrete components described in 
these figures may be mounted in the wire-wrap area pjo- 
vided on the microcomputer module board. 

SYSTEM APPLICATION CONSIDERATIONS 

A subroutine which controls the monitor-selection 
latch (E3, Figure 12) through the PIA is presented in 
Figure 19. User program access to subroutines in ROM 
or addresses in ACIA is accomplished by first calling the 
monitor access subroutine (MONACC) shown in Figure 
19 and then executing a memory reference instruction 
to the ROM or ACIA address desired. As an example, 
the subroutine calling sequence: 



LDAA # $ 41 Form ASCII "A" 
LDAB # $ 01 Get subroutine constant 
JSR MONACC Enable MINIBUG ROM/ 

ACIA addressing 
JSR $ El 08 Output ASCII char to 

terminal 



MINIBUG ROUTINES 

( )- Addresses in MINIBUG II 
< > -Addresses in MINIBUG III 

BADDR ($E0D9) ($E0F8>* - Build a 16-bit hexa- 
decimal address from four digits entered from the 
keyboard. 

Entry requirements: none 

Exit: X-register contains the 16-bit address. The A& 
B registers are destroyed. 

BYTE (SE0E7) <$E106> - Input two hex characters 
from the keyboard and form a 1-byte number. 
Entry requirements: none 

Exit: A-register contains the 8-bit number. B-register 
is destroyed. 

OUTHL ($E0FA) <$E118) - Output left digit of hex 
number to console. 

Entry requirements: A-register contains hex number. 
Exit: A-register is destroyed. 

OUTHR ($E0FE) <E11C> - Output right digit of hex 
number to console. 

Entry requirements: A-register contains hex number. 
Exit: A-register is destroyed. 

OUTCH (SE108) <$E126> - Output one ASCII character 
to terminal. 

Entry requirements: A-register contains ASCII char- 
acter to output. 
Exit: No change 

INCHP (SE115) <$133> - Input one character, with 
parity, from terminal to A-register. 
Entry requirements: None 
Exit: A-register contains character input. 

INCH (SE11F) <$E133> - Input one character from 
terminal to A-register and set parity bit = 0. If char- 
acter is a delete ($7F) it is ignored. Location $A00C 
should be equal to zero if the character should be 
echoed (MINIBUG II only). 
Entry requirements: none 

Exit: A-register contains character without parity. 

PDATA1 (SE130) <$E14B) - Print at terminal the 
ASCII data string pointed to by X-register. Data 
string must contain an ASCII EOT ($04) as a 
terminator. 

Entry requirements: X-register contains the address 
of the 1st byte of the data string. The data string 
is terminated with a $04 character. 

Exit: A-register is destroyed. X-register contains 
address of $04 character. 

OUT2H ($E173) <$E18D> - Output two hex characters, 
pointed to by X-register to the terminal. 
Entry requirements: X-register contains the address 

of the characters to be output. 
Exit: A-register is destroyed. X-register is incre- 
mented. 



causes the character "A" to be printed on a terminal as 
a result of MINIBUG monitor access from the subrou- 
tine MONACC. In this example, the hex address E108 is 
the start vector of the MINIBUG II subroutine OUTCH 
which outputs one ASCII character to a terminal. The 
following is a list of useful data-moving subroutines con- 
tained in MINIBUG II and III along with their starting 
addresses, entry and exit conditions: 

• $ is Motorola Resident Assembler syntax for a hexadecimal 
number. 
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0UT2HA (SE175) (SE10F) - Output two hex char- 
acter in A-register to the terminal. 
Entry requirements: A-register contains the char- 
acters to output. 
Exit: A-register is destroyed. X-register is incre- 
mented. 

0UT4HS (SE17C) ($E196) - Output four hex char- 
acters (2 bytes) plus a space to the terminal. 
Entry requirements: X-register contains address of 
first byte. 

Exit: A-register is destroyed. X-register contains 
address of second byte. 
OUT2HS (SE17E) <$E198> - Output two hex char- 
acters (1 byte) and a space to the terminal. 
Entry requirements: X-register contains address of 

byte to output. 
Exit: A-register is destroyed. X-register is incre- 
mented. 



OUTS($E180)<$E19A>- Output a space. 
Entry requirements: none 
Exit: A-register destroyed. 

The ability to gain access to two co-residing monitor 
ROMs via manual or software commands combined with 
keyboard, audio cassette, or data terminal I/O capability 
provides opportunity for moving program data between 
various storage media. It is possible, for instance, to 
create and assemble a program under the control of 
MINIBUG II or III using an RS-232-compatible digital 
cassette terminal. The resulting object code is loaded to 
MEK/D2 RAM using the MINIBUG "L" command. The 
Monitor Control Switch may now be used to initialize 
the JBUG Monitor in order to move the object code in 
RAM to an audio cassette tape with a JBUG "P" 
command. 
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FIGURE 19 — ROM Ac. 



i Subroutine 



* $ is Motorola Resident Assembler syntax for a hexadecimal 
number. 
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Figure 20 presents a tabular comparison of command 
sets for JBUG, MINIBUG and MIKBUG monitors. Any 
two pairs of these monitors may be used to configure 
the MEK/D2 computer to maximum advantage to suit 
the application through use of the dual monitor access 
logic described in Figure 12. A comparison of the com- 



mands of Figure 20 reveals that an excellent combina- 
tion might be a MINIBUG II/MINIBUG III configura- 
tion. This would provide capability for memory test, 
punching and loading of binary tapes as well as access to 
the powerful software edit functions of Trace and Break- 
point insertion. 



Monitor Function 


JBUG 


MINIBUG II 


MINIBUG III 


MIKBUG 


Notes 


Display Internal Registers 


R 


R 


R 


R 


1 


Load RAM from Tape 


L 


L 


L 


L 




Dump RAM tp Tape (Punch) 


P 


P 


P 


P 


2 


Memory Examine/Change 


M 


M 


M 


M 


3 


Go to Entered Address and Execute 


G 


G 


G 


G 


4 


Set Terminal Baud Rate 




S 


S 




S 


Test Memory 




W 






6 


Punch Binary Tape from RAM 




Y 






7 


Load Binary Tape to RAM 




Z 






7 


Abort Program Execution (Escape) 


E 










Trace One instruction 


N 




N 






Set a Breakpoint 


V 




V 




8 


Reset a Breakpoint 


V 




u 






Continue Execute from Breakpoint 


E , G 




c 






Delete All Breakpoints 


V 




D 




8 


Print Addresses of All Breakpoints 






B 






Trace N Instructions 






T 







NOTES 

1. Order of Display: JBUG (PC,X.A,B,CC,SP); MINIBUG II and III, MIKBUG (PC.SP.CC.B.A.X). 

2. Before executing, load beginning and ending address of range in locations A002 to A005. 

3. For JBUG: Enter address, type M for contents. For MINIBUG: Enter M followed by address. Contents are 
displayed after typing last address character. For MIKBUG: Enter M, space, address. Address and data are 

printed. 

4. For JBUG: Enter starting address, type G. For MINIBUG: Type G, followed by address. Execution begins 
after type of last character. For MIKBUG: Load start address in A048/A049, type G. 

5. For 1 10 Baud: Type SI . For 300 Baud: Type S3. 

6. Performs six memory tests: walking address, write/read all ones, all zeros, AA, 55 and "Walking Bit." 

7. Data is in binary (not ASCII) format. Requires a terminal with DC2, DC4 character recognition. 

8. For JBUG: Type address where breakpoint is desired, fpllowed by V. A total of five may be entered. Re. 
moval of all breakpoints executed by typing V not preceded by address. For MINIBUG III: Same as JBUG 
except eight breakpoints may be entered. 

9. IRQ vector must be stored at AOOO/A001 , NMI must be stored at A006/A007 for all monitors. 



FIGURE 20 — Comparison of Monitor Commands 



Figure 21 presents a brief test program for evaluating 
user-program access to monitor subroutines through the 
monitor switching logic. The program should be exe- 
cuted from JBUG, i.e. with the monitor select switch in 
the J-poisition. Upon execution, MINIBUG addressing 
is enabled and a string of control characters are trans- 
mitted to the terminal. Following this, any character 
typed at the terminal is echoed to the terminal. When 
the character "ESC" is typed, the program jumps from 



the echo loop, JBUG addressing is software enabled and 
program control passes from the user program to the 
JBUG monitor. This action may be checked by viewing 
the dash "prompt" in the keyboard LED display im- 
mediately after typing the "ESC" character on the 
terminal keyboard. 

The W command of MINIBUG II may be used to test 
all memory in the expanded system. Figure 20 describes 
the use of this command. 
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♦ 
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♦ 


CONTROL IS 


PASSED TO THE JBUG MONITOR. THIS 


00015 
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FIGURE 21 - Tmi Program 
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FIGURE 21 (Continued) - Test Program 
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SUMMARY OF MODIFICATIONS 

A summary of foil-path modifications which account 
for both memory expansion and inclusion of multiple- 
monitor logic is tabulated in Figure 22. 



Figure 23 presents a tabular summary of additional 
power supply capability required to support the expan- 
sion logic and memory. Data from this table may be 
used to estimate requirements for a specific system 
configuration. 



-ZL 
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I.C. 
Ux 



Cut Foil Path 



Cut Foil 


Connect Cut 
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Path At 


Path 
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U6/36 


A Side to E4/3. E7/1 


DBES 
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•U11/4 
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RAM 
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B Side to U1 1/6 
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9 
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•For system with 16. 5K memory only. For 8.5K system, connect A 
side to El/11 and B side to U11/5. 



FIGURE 22 - MEK/D2 Foil Path Modification 



EXPANSION LOGIC 



Expansion 
Device 


Type 


Worst Case Supply 
Currents (mA) 


Reference 
Figure 


El 


74LS04 


6.6 


4. 8, 12 


E2 


MC8T97 


98.0 


12 


E3 


74LS74 


8.0 


12 


E4 


74LS00 


4.4 


3, 4, 12 


E5 


74LS32 


9.8 


12 


E6 


MC14507 


0.008 


12 


E7 


74LS133 


1.1 


10 


E9 


MC1455 


6.0 


4 


E11 


MC6830 


130.0 


14 


E12 


MC6850 


105.0 


14, 15, 16 


E13 


MC1455 


6.0 


17 


E14 


MC1488 


25 ( + 12 V), 15 (-12 V) 


15 


E15 
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26.0 
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MC8T96 
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16 


E17 
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8.0 
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16 
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0.004 


3 
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74LS86 


10.0 
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EXPANSION MEMORY ARRAYS 





Worst-Case Supply Currents (mA) 


Architecture 


Type 


Motorola Part 


+5 V 


+12 V 


-5 V 


-12 V 


2k x 8 


Static 


MEX6812-1 


1000 








8k x 8 


Dynamic 


MEX6815-1 


860 


300 






16k x a 


Dynamic 


MMS68100* 


1200 


333 


4 




16k x 8 


Dynamic 


MMS68103 


1200 


333 




1.7 



•Not board-geometry compatible with EXORciser. 



FIGURE 23 - DC Power Supply Requirements for 
MEK/D2 Expansion 
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CONCLUSION 

The technqiues discussed in this note add the follow- 
ing capability to the basic MEK/D2 kit microcomputer 

* Power-up auto-reset 

* Switch-selectable monitor operation 

* RS-232 or current-loop data terminal operation at 
all standard baud-rates 

* RAM expansion to 16.5K bytes 

* ROM-resident subroutine acquisition by user 
program 

* Operation with JBUG, MINIBUG II and III or 
MINIBUG ROM monitors 
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AN-773 



A CRT TERMINAL 
USING THE M6800 FAMILY 



Prepared by: 

Joe Roy and Dusty Morris 

Systems Engineering 



This Note describes an M6800-based CRT 
Controller. A display format of 24 rows 
of 80 characters is featured. A Motorola 
M3000 Video Monitor is utilized. 
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A CRT Terminal 
Using the M6800 Family 

By Joe Roy and Dusty Morris 



This article describes a versatile M6800 based CRT 
Controller for "glass-teletype," smart, programmable, 
and intelligent CRT terminals. While a complete dupli- 
cation of the entire package may be beyond the capa- 
bilities of most readers, some of the design features 
should be of particular utility in other construction pro- 
jects. Of particular interest is the exploitation of the bi- 
phase clock architecture of the M6800 system, provid- 
ing higher throughput, more I/O handling capability, 
less interference patterns during refresh memory 
accesses, and easier task-orientated multiple pro- 
cessor implementation in a CRT terminal than is pos- 
sible with other approaches. Let's look at the features 
of this CRT terminal: 

1. 24 rows of 80 characters. 

2. 7 X 9 uppercase characters in a 9 X 12 dot 
block; shifted lower case through the use of a 
custom programmed MCM6832 16K Binary 
ROM. 

3. Conventional non-interlaced raster scan. 

4. Blink, half-intensity, video invert, underline, and 
non-display FACS (Field Attribute Codes); 
embedded FACS with optional widened memory 
capability. 

5. Alternating inverted/non-inverted cursor. 

6. 50/60 Hz field rate is logic selectable; display is 
centered for both 50 and 60 Hz. 

7. Transparent accesses of Refresh Memory by VIA 
and MPU. 

8. Limited graphics implementation with no 
changes in basic design philosophy. 

9. Design philosophy facilitates up-grading a sim- 
ple economical terminal with upward compati- 
ble software and hardware to a task-oriented 
multiple processor intelligent terminal. 

10. MPU is unburdened from overhead of refresh 
memory contention and is free to service key- 
board, edit functions, serial communications, 
and high speed control such as floppy disk. 



The basic configuration for a microprocessor- 
controlled CRT terminal is shown in Figure 1. An 
MC6800 microprocessor executes the CRT terminal 
executive firmware routine and jumps to driver sub- 
routines when servicing the keyboard, serial synchro- 
nous or asynchronous interface, floppy disk formatter, 
and other peripherals. Cursor movements, R/W, and all 
editing functions are programmable and under micro- 
processor control. Actual refresh of the CRT monitor 
display is done with a configuration of SSI/MSI hard- 
ware called a VIA (Video Interface Adapter). The VIA 
provides video, vertical sync, and horizontal sync to the 
Motorola M3000 (or equivalent) monitor. The monitor 
must meet the requirements specified in Figure 2. 

The MPU and VIA share the CRT Refresh Memory. 
Since the processor clock is derived from the VIA, both 
are synchronized. As shown in Figure 1 timing 
diagram, the VIA accesses memory for CRT refresh 
during clock phase 01, while the MPU accesses 
memory during 02. The Refresh Memory is organized 
in an odd address block and an even address block. 
Both an even and the adjacent odd address characters 
are transferred during a 01 access, whereas a single 
character is transferred to the MPU during a 02 
access. The "odd/even memory" concept allows char- 
acters to be pulled from memory at a rate 2 MHz) 
sufficient to update the CRT. The "interleaved clock- 
ing" of memory makes it look transparent to both the 
MPU and the VIA. That is, neither delays the access of 
the other to memory. Consequently, less MPU over- 
head results than in other approaches. 

Note that the interleaved clocking of memory is 
unaffected by cycle stretching of either MPU 01 or 
02 . . . techniques used for refreshing dynamic 
memories, synchronizing other I/O. or interfacing slow 
memory. 

The Refresh Memory provides a bidirectional data 
bus to the MPU and a two byte output bus for screen 
refresh. The two bytes of display data are pipelined to 
even and odd latches which are alternately enabled as 
data to the address inputs of an MCM6832 character 
ROM. The address is an ASCII character which the 
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• Single M680O Microprocessor Controls CRT. Keyboaid, Serial Communications 
Interface, and Floppy Disk in Smart/Intelligent CRT terminal. 

• I Unique 2-Port Refresh Memory Configuration eliminates contention overhead for memory 
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selected for 450 ni access, 
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select. 
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• The MPU 41 and 62 clocks are 
synchronized to the Video 
Interface Adapter (VIA) timing 

• Accesses to the Refresh Memory 
on opposite phases of the clock 
by the MPU and VIA result in 
completely transparent operation. 

•There is no annoying flickering 
or blanking of the screen 
during data transfers. 



Figure 1. M6800 Terminal Block Diagram 
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Character Matrix (Columns 


7 
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2. 


( 

(Rows 


9 
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3. 


Character Block (Columns 
( 


9 




9 


4. 


(Rows 


12 




12 


5. 


Frame (refresh) Rate 


50 


H2 


60 HZ 


6. 


Rows of Characters 


24 




24 


7. 


Active Scan Lines (line 6 times line 4) 


288 




288 


8. 


Delay before Vertical Sync (No. of scan lines) 


1667 MS 131) 





9. 


Vertical Sync Width (No. of scan lines) 4 - 52 . 

ms 

Delay after Vertical Sync (No. of scan lines) 


215 ms (4) 


215 ms 141 


10. 


2634 us (49) 


968 ms 1181 


11. 


Total Scan Lines (Line 7+8+9+101 


372 




310 


12. 


Horizontel Frequency (line rate) (line 1 1 times line 5) 


18.6 KHZ (53.76 ms) 


18.6 KHZ 153.76 M 


13. 


Character Rate (line 12 times line 18) 


1 .8972 


MHZ 


1.8972 MHZ 


14. 


Characters/ Row 


80 




80 


15 


Delay before Horiz. Sync, usee: (Character times) 


2.1 ms (4) 




2.1 MS (41 


16. 


Horizontal Sync Width usee: (Character times) 


4.7 MS (9) 




4.7 ms (9) 


17. 


Delay after Horiz. Sync, usee: (Character times) 


4.7 ms (9) 




4.7 ms (9) 


18. 


Total character times (line 14+15+16+17) 


11.5 ms 11021 




11.5 MS (102) 


19. 


Clock Rate (line 13 times line 3) 


1 7.074800 


MHZ 


17.074800 MHZ 


20. 


Display size 


12' 




12" 


21. 


Character Time [reciprocal of line 13) 


627 


ms 


527 ms 


22. 


MPU Clock (line 19+-2X line 31 


948.6 


KHZ 


948.6 KHZ 


23. 


Clock Time (reciprocal of line 19) 


58.6 


MS 


58.6 MS 



Figure 2 Video Monitor Timing 
(Motorola Display Products M3000 
Monitor meets these requirements) 
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Figure 3. 



ROM maps into a block of dots. The particular row of 
dots (0 to 1 1) in the block is determined by four "row 
select" inputs from the VIA. In a raster scan system, 
each ASCII character is presented 12 times to the 
character ROM with a sequential row select each time 
in order to paint the complete character on the screen. 

Each row of dots is parallel loaded into an 8 bit shift 
register and clocked out serially. Field Attribute Codes 
(FACS) such as inverted video are imposed on the 
serial data stream by the VIA before the video is sent 
to the monitor. 

This section describes the 2 port memory tech- 
nique which allows interleaving of the MPU and dis- 
play functions with minimal interference. Figure 3 is a 
simplified block diagram of the functional impli- 
mentation. As can be seen the memory is divided into 
two blocks; one 'even' and one 'odd.' Selection of the 
appropriate block is by address line AO. while A1 
through A10 select one of the 1024 bytes in each 
block. A1 1 through A13 are used to select the parti- 
cular "page" of memory. R/W and VMA are used in the 
read/write process and to determine if data is gated 'in' 
or 'out' on the data line DO through D7. 

As described earlier, the refresh RAM is organized 
as a 1 K X 8 even block and a 1 K X 8 odd block. 
Even and odd blocks are interleaved to form a 2K X 8 
"page." Of the 2048 bytes, 1 920 (80 times 24) are re- 



quired per page of display, leaving 128 bytes spare. 
Because the refresh memory looks like any other RAM 
on the MPU bus, this spare 128 bytes are free for 
scratch and the stack. In multiple page systems, it 
serves as an edit buffer. 

The refresh memory is implemented with 450ns 
2102 style IK X 1 memories. Even and odd blocks 
each contain eight devices. The new 2114 style 1 K X 4 
static memories (spec'd at 450ns) are an attractive 
alternate (only four are required per page). Memory 
addressing is through 1 of 2 ports. Referring to Figure 
4, the schematic offers the two port memory, we will 
look into the detailed design. 

The VIA address counter (DA1-DA10) is gated with 
a set of MC6887 high speed three state buffers, the 
Motorola equivalent of the 8797 device. The enable 
signal to pins 1 and 15 on U20 and U21 is generated 
only during EN DISP ADDR at P2 pin 3 (roughly 01 
interval) and when PAGE SELECT is high at P2 pin 4. 
The latter signal is only required in multiple page sys- 
tems, and determined which page is displayed. Note 
that pin 15 on U20 is always enabled. This gates pin 
12 to 11 path buffers VMA (Valid Memory Address). 
This signal is for gating the MPU address buffers (U18 
and U 1 9). When used with systems such as the EXOR- 
cisor where a block of addresses must be uncon- 
ditionally protected, this signal should be VUA (Valid 
Users Address). 
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The selection of U18 and U19 is decoded by U27 
which generates BANK Select. The particular bank (1 
of 8 pages) is strap selectable (U29 and U30). The 
ENABLE/DISABLE switch on U27 provides a means 
of overlaying other chunks of memory with the same 
address. The othe r gating fo r BANK SELECT is V MA 
(described above). A14. A15, and EN DISP ADDR (EN 
MPU or roughly 02 interval). AO and R7W from the 
MPU are gated at all times because pin 15 on U1 8 is 
tied to ground. 

Devices U22 through U25 are MC6880 high speed 
bidirectional data buffers for multiplexing the Even and 
Odd Memory bytes into the MPU data bus (DO - D7) 
and vice versa. In systems requiring a non-inverted 
data bus. MC6880 is replaced with MC6889 During 
an MPU read, either U22/U23 or U24/U25 is enabled 
by EVEN D/E or ODD D/E respectively. The buffered 
LSB of the MPU address, AO. determines which sig- 
nal is active. During an MPU write, both U22/U23 and 
U24/U25 are enabled into their respective Even and 
Odd Memory blocks. The buffered LSB of the MPU ad- 
dress. AO. determines whether EVEN R/W or ODD 
R/W is active. 

The refresh data is an even byte (EMD0-7) and an 
odd byte (OMD0-7). 

Memory for Graphics Applications 

Alphanumeric refresh memories are organized on a 
character basis. Each code stored in memory repre- 
sents a 7 X 9 pattern in a 9 X 12 dot block. The dot 
pattern is stored in a character ROM addressed by the 
character code in the RAM. The repetition of a limited 
set of symbols on the screen to construct messages 
makes it possible to use a smaller amount of memory 
than would be required in a full graphics application 
where every dot is addressable as a memory location. 

A "limited" graphics set of symbols for line draw- 
ings and forms is usually implemented with a special 
character ROM The nine horizontal dots per character 
are provided by the ROM. However, most ROMS are 
organized by eight. It is usually acceptable to get the 
ninth bit from one of the eight ROM outputs, by 
parallel load of the 8th bit of ROM into both the eighth 
and ninth bits of the shift register. 



Character ROM 
output 

Parallel load to 
shift register 



|8|7|6l5|4|3|2|l| 



A full graphics capability requires every possible dot 
on the screen to be stored in memory. Since the pat- 
tern is stored directly in RAM. all alphanumeric pat- 
terns are generated external to the refresh loop. 
Accordingly, the character ROM is placed on the MPU 
bus. and the dual latches drive the shift register di- 
rectly. As in the alphanumeric controller, the RAM 
delivers two bytes (even and odd) when addressed by 
the VIA for refresh. Read and write addressing by the 
MPU is efficiently handled by bit addressing rather 
than byte addressing. The complete 64 K address 
structure of the MC6800 is decoded by hardware; only 
one of the eight MPU data bits is used for transfers. 



A graphics terminal dedicates an MPU to the key- 
board and I/O transfers with the refresh memory. All 
calculations (e.g. vectors), curves, rotations are done in 
an outboard high speed processor (e.g. micropro- 
grammed bipolar slice). An interface between the MPU 
and the higher speed processor provides means for 
control and exchange of input parameters and results. 

DISPLAY CONTROL 

The DISPLAY CONTROL consists of circuitry to: se- 
quentially access ASCII characters from the 2-PORT 
REFRESH MEMORY; generate character row selects; 
load row patterns into the Parallel-to-Serial Shift 
Register; serially shift the row pattern through Field 
Attribute circuits to the monitor as video; provide 
blanking, horizontal sync, and vertical sync signals; 
perform cursor compare and generate cursor block. 



Character ROM 

The purpose of the Display Control circuitry is to 
paint the contents of the character ROM at the 
designated positions on the CRT screen. Custom char- 
acter ROMS contain 9X16 dot matrix patterns for 
alpha-numeric characters of various domestic and for- 
eign fonts, limited graphics symbols, control char- 
acters, or combinations of all from the above. The ad- 
dresses of the character dot matrix patterns cor- 
respond to their ASCII code representation in the case 
of alphanumeric and control characters. (Assignment is 
somewhat arbitrary for graphic symbols.) 

The particular row of dots in each character dot 
matrix is selected by four binary row select inputs. Only 
1 2 of the possible 1 6 rows are utilized in the CRT dis- 
play being described. The 12 rows are adequate for 
shifted lower-case characters (g. j. p. q). 

Referring to Figure 5 we see that a 16 K binary 
ROM (e.g. MCM6832) provides 128 possible ASCII 
characters (only 7 X 12 of the 8 X 16 dot block is 
used). This is a practical number of characters for most 
applications. Note the eighth bit of the ASCII code is 
always available. If it is not used for imbedded Field 
Attribute Codes (see FAC circuitry description), it can 
be used to select a second MCM6832 with a differ- 
ent font or graphics. The tri-state capability of the 
MCM6832 facilitates this mode of operation. 

General Timing 

All timing, including MPU 01 and 02 is derived from 
an MC 12061 crystal oscillator running at the video 
rate, 17.074800 MHz. The circuit is very stable and al- 
ways starts from power up. The TTL output of the 
MC12061 is buffered with a 74S04 before distribut- 
ing the clock to avoid distortion. The distribution of the 
clock is critical. Video Clock and Video Clock are 
fanned out using 74S04 inverters in the same pack- 
age (for minimum differential propagation delay). 
Loads are split equally. An alternate distributor is a 
high speed clock driver with complementary outputs. 
An important consideration is to keep all 17 MHz logic 
close together and in proximity to a ground. This will 
minimize noise and distortion. 

There is another method for arriving at 17.074800 
MHz. Although it is more expensive, a phase-locked 
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loop or phase-locked oscillator Is used. The line fre- 
quency is the reference and vertical sync the compar- 
ison signal. In areas where the line frequency varies 
radically from nominal, the more expensive system is 
often required to reduce the visible beat on the CRT 
screen. 

A -S- 9 counter divides video rate down to a 
character rate of 1 .9 MHz. On/Off decodes from the + 
9 counter are resynchronized in 74S113 high speed 
flip flops. The signals provide the General Timing in 
Figure 6. 

Decodes off the Character Column Counter provide 
horizontal timing (Figure 7). Vertical timing is from the 
Character Row Counter (Figure 8). 

Note the operation of the Address Counter. It must 
repeat each character address 12 times to paint a 
complete line of 80 characters on the screen. This re- 
quires storing the address of the first character in each 
line (function of the 74LS latches). Another function of 
the Address Counter is to advance to address 64 dur- 
ing V blank. (Effectively, this amounts to a start ad- 
dress of 128 since the memory is addressed two bytes 
at a time.) 

Another function of the Display Control Electronics 
is cursor compare. The contents of the Address 
Counter are compared with PIA data for coincidence. 
The DM81 60 s are exclusive-or comparators. PIA data 
is a binary address which is manipulated by the MPU 
for cursor control. 

The other circuitry in the Display Control portion 
generates invert/non-invert cursor block when cursor 
compare is sensed and furnishes FAC (Field Attribute 
Code) logic. 

FACS (Field Attribute Codes) 

There are two popular methods for handling FACS. 
In the wide memory method, the memory size is in- 
creased by adding bits to each character in memory. 
Each bit controls a different attribute code for that 
character. The other method imbeds FAC characters in 
refresh memory. The eighth bit of the ASCII code is 
usually decoded as a FAC flag. 



8 7 6 5 4 3 2 1 

□ I 111 I I I 

Flag for FAC 1 * v ' 

Possible FACS 

When it is a logical one. the other seven bits are 
latched as FACS. Once latched, the FAC applies to all 
subsequent characters until another FAC code is 
decoded. The only exception is at the end of a char- 
acter line; all FACS are hardware reset. This scheme's 
advantage is low cost to implement; the disadvantage 
is the use of a memory location per FAC code. Not only 
is character density decreased, but the individual char- 
acters in a string can not be accented with FACS. It is 
possible to get around this drawback by stripping 
FACS from the memory before display, but requires 
extra hardware and is a programming nightmare. 
When individually accented characters are required, it 
is usually better to implement a wider memory. 



The wide memory approach to FACS may seem 
clumsy at first glance ... the MPU has an 8 bit bus. 
How are 8 bit MPU transfers done? Construct two 
pages of memory — a page of ASCII characters 2K X 

8, and a page of attributes (2K X 1 , 2, 3, 4 8). The 

attribute page is a mask and need only be accessed 
when the attribute changes or must be read. 

For simplicity, the imbedded FAC method was 
implemented in the CRT terminal. Few changes in 
Display Control circuitry are required for a wide 
memory approach. 

CURSOR/KEYBOARD 

Referring to Figure 9 we can see how to add a cur- 
sor/keyboard interface to this "glass teletype." 

Cursor 

The cursor address is stored as the contents of a 
PIA. The eight least significant binary bits are PBO - 
PB7 and the three most significant binary bits are PAO 
- PA2. There is a one-to-one correspondence between 
the binary cursor address and a memory location on 
the screen. The assignment of bits in the PIA is for 
programming convenience. An STX instruction to the 
A side of the PIA writes the higher order byte of the 
index register into the A side of the cursor PIA and 
the lower order byte into the B side of the cursor PIA 
(provided the address lines to RSO and RS1 are re- 
versed). 

The cursor address is binary rather than X-Y be- 
cause the binary address manipulations are more fre- 
quent. When X-Y addressing is required (e.g. com- 
munication interface), a conversion subroutine is 
called. 

Keyboard 

Either a fully-encoded or non-encoded keyboard can 
be designed. Whichever, a PIA provides the interface 
to the MPU. In a fully-encoded keyboard, the key- 
board hardware generates a strobe and an ASCII 
encoded character corresponding to the depressed 
key. All debounce is handled by the keyboard hard- 
ware. The strobe pulse applied to the PIA CA or CB in- 
puts causes an interrupt to the MPU. The MPU reads 
the ASCII character through the PIA and performs the 
appropriate function. For an alphanumeric character, 
the MPU writes the data at the present cursor location 
and increments cursor PIA contents. For control char- 
acters, the corresponding commands are executed, 
(e.g. space, carriage return, insert, delete, etc.) 



A non-encoded keyboard is a set of switches wired 
in a column/row matrix. 
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If the columns are scanned one at a time, and the 
rows read back, the simultaneous depression of any 
one or two keys can be discerned. For n keys, diodes 
are wired in series with the switch contacts. 

The scanning of columns, reading of rows, and 
switch debounce are under software control. Keys are 
strategically placed in the matrix so the column and 
row location easily translate into an ASCII code. Cost 
savings and flexibility of this non-encoded keyboard 
versus a fully-encoded keyboard sometimes justifies 
the additional MPU overhead in a basic CRT terminal. 

A non-encoded approach is described here. 
Referring to the schematic, the keyboard columns are 
normally held low. When key(s) are depressed, lows 
appear on the keyboard row inputs. A keyboard inter- 
rupt is generated, which starts a scan. Keyboard 
column outputs are brought low in sequential order. 
Together with the Shift and Control PIA inputs, the 
active columns and rows are encoded as an ASCII 
character and temporarily stored. A 6.88 msec inter- 
rupt is provided for debounce and a PIA input for 
REPEAT (also .1 sec interrupt for this function and a 1 
second interrupt for clock functions). 

The software for a non-encoded keyboard ranges 
from simple to quite complex depending on how fool- 
proof the algorithm is. 



Comparison of CRT Terminal Architecture* 

The central design criteria of a modern CRT ter- 
minal is the method used for multiplexing refresh 
memory between the MPU and the display refresh cir- 
cuitry. In this section we will discuss time-division 
multiplexing and priority multiplexing. Throughput ver- 
sus hardware complexity for different techniques will 
be analyzed. Schemes which result in missing a charac- 
ter refresh during an MPU transfer are not considered. 
These techniques result in operator annoyance in 
many applications (e.g., Key-to-Disk), and are not 
appropriate for the modern CRT terminal. 

Priority Multiplexing of Refresh Memory 

These techniques fall into two general categories: 

A. MPU grabs Refresh Memory and locks out 
Refresh Circuitry. 

B. Refresh circuitry grabs Refresh Memory and 
locks out MPU. 

Method A results in zero burden on the MPU; how- 
ever, a sufficient number of refresh characters must be 
pipe-lined into FIFO to keep the screen refreshed dur- 
ing an MPU access. The fast memory and complex 
hardware to accomplish this task is unattractive. 

Method B is probably the most widespread tech- 
nique in use today. The dual line buffer approach is 
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representative of this class. All data for a line on the 
screen is stored in FIFO's (usually 80 bytes). 

While the Odd line buffer is keeping the display 
refreshed, the Even line buffer is being filled with the 
next displayed line from Refresh RAM through a DMA 
channel. The functions are alternately reversed. In an 
alphanumeric terminal, average MPU burden is be- 
tween 15 and 30% with peak burden on the MPU of 
100% for 80-100 microseconds when loading either 
line buffer. The MPU is stalled during this transfer and 
cannot service high speed interfaces (e.g. Floppy Disk). 
With the addition of extra hardware, the Refresh page 
of the RAM is isolated from the processor bus during 
DMA, thus allowing the MPU to continue processing 
provided it attempts no accesses to memory. In con- 
clusion, the dual-line buffers and DMA configuration is 
more expensive, has higher parts count, and imposes a 
severe burden on the MPU compared to the time- 
division multiplexed technique. 

Furthermore, the DMA approach is very inefficient 
for full graphics, since there are no recirculations of the 
line buffer as in an alphanumeric display. 



refreshed during an MPU synchronization delay. The 
FIFO is typically two bytes deep. The disadvantage of 
this technique is the requirement for fast memory. It is 
considerably simplified if the time-division multi- 
plexing is made synchronous with character rate. Sync 
delay is no longer required for refresh and the FIFO cir- 
cuitry is eliminated (a single byte latch is still re- 
quired). Also memory speed is reduced. This simpli- 
fication is not always acceptable; e.g. it may result in 
excessive MPU "cycle-stretching" at slow character 
rates. 

The technique for sharing CRT Refresh Memory 
described in this article is a special case of time- 
division multiplexing. The access intervals for Refresh 
and MPU are 01 and 02, respectively. 

As 01 and 02 clocking signals are outputted even 
during wait states, no matter how long this MPU is 
forced into a wait state the screen will remain re- 
freshed. Since there is no overlap of accesses, no 
contention circuitry is required and the MPU burden is 
zero at all times. While you may not want or need to 
duplicate the entire circuitry described in this article, 
the bi-phase memory access technique may be used 
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Time Division Multiplexing of Refresh Memory 

In the most general time-division multiplexing sit- 
uation, either an MPU or Refresh access may com- 
mence or end asynchronously to time-division multi- 
plexing intervals. By delaying accesses, the MPU and 
Refresh circuitry are brought in sync with their respec- 
tive time intervals. The sync delay for MPU access, at 
the expense of throughput, is implemented by "cycle- 
stretching." The sync delay for Refresh access is 
accomplished by pipe lining a sufficient number of re- 
fresh characters into a FIFO to keep the screen 



wherever it is necessary to use a DMA (Direct Memory 
Access) for two major systems. 

The M6800 implementation is very simple due to 
constant cycle lengths, whereas it is difficult if not 
impossible with variable cycle length MPUs. The only 
drawback to this scheme is that the MPU rate is a de- 
rivative of the character rate. This translates into a 
clock rate lower than the maximum MPU clock rate 
allowable. Consequently, the throughput is reduced. 
For example, the parameters chosen in this design 
reduce the throughput by 5% because the MPU runs 
at 950 KHz. 
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A SIMPLE HIGH SPEED BIPOLAR MICROPROCESSOR 
ILLUSTRATES SYSTEM DESIGN 
AND MICROPROGRAM TECHNIQUES 



Prepared by. 
Bill Blood 

Applications Engineering 



High speed bipolar LSI 4-bit slice 
circuits can significantly reduce processor 
system package count. This is shown with 
a microprocessor which uses only 10 
integrated circuit packages to perform 
2's complement add, subtract, multiply 
and divide. 
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INTRODUCTION 

The engineer familiar with MOS microprocessors 
learns new skills when designing a higher performance 
bipolar LSI system. Bipolar LSI 4-bit slice circuits are 
building blocks allowing the designer to configure a 
processor architecture, size, and instruction set for 
optimum performance. Additional flexibility is gained 
through the use of microprogramming because the 
processor can perform more complicated instructions such 
as multiply and divide or, alternately, can be designed to 
take advantage of existing software. 

The following text goes through a complete bipolar 
LSI system design. Steps include define the system, 
block out system sections, set up the microprogram 
structure, pick bipolar LSI parts, generate a microprogram, 
and finalize the system design. Three system goals are 
used throughout the project. 

1. Maximize the use of bipolar LSI. 

2. Show the flexibility of microprogramming. 

3. Maintain the bipolar LSI speed advantage. 

The system is being designed as a demonstration and 
technical support tool. However, the design flow and 
decisions involved represent a wide range of bipolar 
LSI processor systems. 



DEFINE THE SYSTEM 

System functional requirements must be defined prior 
to hardware design. This seems obvious, but changes 
later in the design cycle complicate programming and 
often increase package count. Figure 1 shows the I/O 
structure and program functions of this processor project. 



Operand A 
Multiplicand 
Dividend MSB 



The system has 16 input lines which enter a 16-bit data 
word or two 8-bit words in parallel. Similarly, 16 output 
lines display the results as either one 16-bit word or two 
8-bit words. 

A program select input port selects which processor 
program is executed. 

1 . ADD, SUBTRACT, and EXCLUSIVE OR read two 
8-bit operand inputs and generate an 8-bit answer. 
The eight most significant bits are held at zero. 

2. MULTIPLY reads an 8-bit multiplicand and 8-bit 
multiplier. The answer is a 16-bit product. 

3. DIVIDE requires two data inputs. First a 16-bit 
dividend is entered, then the 8-bit divisor. The 
answer is an 8-bit quotient and 8-bit remainder. 

The final processor input is a start signal given after 
input lines and program select are present. Since start 
could be from a pushbutton or toggle switch, bounce 
elimination and pulse shaping are included in the 
system design. 

BLOCK OUT THE SYSTEM 

The major blocks of a bipolar LSI processor are ALU, 
I/O, microprogram sequencing control, and microprogram 
memory. These functions are interconnected as shown 
in Figure 2. The ALU block handles all arithmetic, logic, 
and shift operations. It also includes working registers 
for temporary storage and a means for the input of new 
data and output of results. The MICROPROGRAM 
SEQUENCING block generates the microprogram memory 
address and provides a method for sequencing through 
microprogram. It combines with BRANCH LOGIC to 
make tests for conditional jumps in program. 
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FIGURE 1 - I/O Description 
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The key to building a bipolar LSI system is in parti- 
tioning the MICROPROGRAM MEMORY block. The 
memory is divided into sections called fields, each capable 
of an independent function. Any combination of these 
fields can be selected to execute a microinstruction. 

In Figure 2, the PROGRAM FLOW field is separated 
into two parts. The INSTRUCTION section tells the 
microprogram sequencing logic how to generate the 
next program address. Instructions include increment, 
jump, branch on condition, jump to and from subroutine, 
etc. The NEXT ADDRESS section of the program flow 
field provides a destination address for direct jump or 
conditional branch instructions. 

The BRANCH field sets up test parameters for 
conditional jumps in program. For example, a jump if 
ALU results equal zero would be accomplished by gating 
zero detect from the ALU to a branch input on the 
microprogram sequencer. The corresponding INSTRUC- 
TION would be branch on condition and NEXT ADDRESS 
contains the conditional branch destination. In this 
manner it is possible to select any number or combination 
of test signals. 

DATA and ALU fields go to the ALU and I/O block. 
The DATA field controls data transfers between the 
input ports, output ports, and internal working registers. 
The ALU field controls the various arithmetic, logic, and 
shift operations required to execute a program. 



The system being developed here is designed around 
three LSI circuits as shown in Figure 2. Two MCI 0803s 
handle all ALU operations, provide working registers, 
and control the 16 input and 16 output lines. A single 
MCI 0801 provides logic for microprogram flow and 
addressing. Additional MC10801 and MC10803 infor- 
mation is given in the following key LSI parts section. 

Processor programs are stored in the microprogram 
memory. This system uses four 10139 PROMs in a 32- 
word by 32-bit organization. At first it may seem 
surprising that add, subtract, multiply, divide, and 
exclusive OR are all stored in 32 memory words. 
However, each word is 32 bits wide so several processor 
functions can be performed in parallel. These seven 
integrated circuits form the processor nucleus. Three 
additional SSI parts provide for crystal oscillator, power- 
up reset, and start pulse shaping. Branch logic gates 
route test signals into the MCI 0801 for conditional 
jumps in program. The result is a high-speed bipolar 
processor with only ten integrated circuit packages. 

Figure 2 can be used to define the term micro- 
instruction. A microinstruction executes all functions 
in a microporgram memory word. A clock signal into 
the MCI 0801 microprogram sequencer logic puts a 
program address location on the address lines. The micro- 
program memory then sets up select lines on the MCI 0803 
to read data in, operate on the data, and display or 
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store the results. In parallel with the ALU, a new micro- 
program address is being generated from microprogram 
memory and branch logic inputs to the MC 10801. A 
second clock pulse gives the microprogram a new word 
address and clocks any ALU function into the appropriate 
storage register. System performance is measured by the 
microinstruction time and by the number of micro- 
instructions required to execute a program. 

The flexibility of microprogramming allows the 



processor to perform a wide variety of system functions. 
The five programs- add, subtract, exclusive OR, multiply, 
and divide-being developed are only a small sample of 
the possible combinations. The processor could be 
expanded for process control, data formatting, digital 
filtering, minicomputer design, peripheral controllers, 
etc. Four MC10803s will directly operate on 16-bit words 
and give a corresponding increase in I/O lines. Two 
MCI 080 Is allow microprogram memory expansion to 
4K words for more comprehensive programming. 
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KEY LSI PARTS 



Prior to continuing it is important to look at the 
MC10801 and MC10803 LSI parts. The various internal 
sections of each part are shown in Figure 3. MC 10801 
CRO register holds the microprogram memory address. 
Sequencing information goes into the Next Address 
Logic block where it is decoded and the correct next 
address routed to CRO. An incrementer is used with 
several sequencing commands. For example, an increment 
command routes the CRO outputs through the incre- 
menter to CRO inputs. Each clock pulse then advances 
the microprogram memory one location. 

CR1 is used with program flow repeat cycles. The 
repeat count is loaded into CR1 enabling an individual 
instruction or sequence of instructions to be repeated 
until the cycle count is reached. CR2 is a general purpose 
register that can be used to store machine instructions or 
interrupt vectors. CR3 is a status or condition code 
register. Individual bits can be tested within the MCI 0801 
for conditional jumps in program. 

A 4-deep LIFO stack is included in the part for storing 
subroutine return address. A jump to subroutine command 
takes the present microprogram address through the 
incrementer and pushes it into the stack. Next Address 
inputs go to CRO for the subroutine destination. A 
subroutine return pops the LIFO and routes the return 
address to CRO. A total of 16 different instructions are 
built into the MCI 0801 for various program flow 
requirements. 



The MCI 0803 performs both data transfers and ALU 
operations. There are five I/O ports (I Bus, <t> Bus, A Bus, 
D Bus, and P inputs) for transferring data to or from the 
part. Internally there are six storage registers. The MDR 
can be used to hold incoming or outgoing data. It also 
functions as an accumulator for the ALU. The MAR 
holds outgoing data for the A Bus. Four additional 
registers are contained in the internal register file block. 
A Data Matrix accepts data transfer commands and routes 
data between the various I/O ports and internal registers. 
The final block is an ALU which performs arithmetic, 
logic, and shift operations. Both the MCI 0801 and 
MCI 0803 are controlled by select lines which in turn 
are controlled by microprogram memory bits. 

PROGRAM FLOW 

Program flow charts describe the various processor 
operations and determine a microprogram instruction 
sequence. Figure 4 shows system data paths available to 
a programmer. These data paths, the ALU, and working 
registers are used in the following program flow diagrams 
and later to write the microprogram. All Figure 4 data 
paths and logic except the link bit storage are contained 
within the MC10803. Link bits are used with multiply 
and divide to hold shift in and shift out status. Available 
CR3 register bits in the MCI 0801 provide this function. 
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FIGURE 4 - Processor Data Paths 



125 



Figure 5 shows the flow patterns for add, subtract, 
and exclusive OR. Initially the processor is random on 
power-up or displaying the results of a previous calcula- 
tion. It is in a continuous loop waiting for a start signal. 
After receiving start, the program performs several 
initialize functions. RFO is zeroed as required for add, 
subtract, and exclusive OR, see Figures 1 and 4. Setting 
up for a possible multiply or divide the link bit is set to 
zero, the .complement of 8 is loaded in the MC10801 
program cycle counter CR1, and I Bus data is transferred 
to the MAR. These functions are common to both 
multiply and divide. Location at this point in program 
saves microinstructions. 




RFO — ob 

Test Start ^ 

/ No 



Program flow continues to a main decision point. 
Here, the processor looks at the program select inputs 
and picks one of five possible program directions. Add, 
subtract, and exclusive OR are each one step programs. 
Figure 5. The ALU looks at the <j> Bus and I Bus inputs, 
performs the selected operation, and transfers the answer 
to MAR. The program jumps back to start and displays 
the answer. 

Multiply is an implementation of Booth algorithm as 
shown below: 

1 . Load multiplier into MAR 

2. Load multiplicand into MDR 

3. Zero RFO and link bit 

4. Set cycle counter to 8 

5. Test MAR LSB and link bit 



LSB 


LINK 










GO TO 8 





1 
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GO TO 7 
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1 


GO TO 8 



6. Subtract RFO - MDR -* RFO, go to 8 

7. Add RFO + MDR ■* RFO 

8. Arithmetic shift right RFO -» MAR - LINK 

9. Decrement cycle counter; if #zero, go to 5 
10. End. 
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"0" — Link 
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FIGURE 5 - Start-Add-Subtract-Ex OR Program Flow Diagram 
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The multiply flow diagram is given in Figure 6. 
Figure 5 sets up the multiplier, RFO, cycle counter, and 
link bit. Figure 6 loads the multiplicand and contains 
the program paths for add-shift, subtract-shift, or shift- 
only as required for 2's complement multiplication. 
As seen in the figure, the processor alternately tests the 
link bit and MAR LSB to select a program flow path. 
This simplifies the branch select compared with testing 
both status points in parallel. The program cycle counter 
is incremented after the double precision RFO/MAR 
shift right and tested for the end count. After 8 cycles, 
the program is complete. The result is a 16-bit answer 
with the 8 least significant bits in MAR and the 8 most 
significant bits in RFO. 



FIGURE 6 - Multiply Flow Diagram 



Divide is an implementation of a non-restoring division 
algorithm as shown below: 

1 . Load dividend LSB into MAR 

2. Load divided MSB into RFO 

3. Load divisor into MDR 

4. Set cycle counter to 8 

5. MSB RFO exclusive NOR MSB MDR -* LINK 

6. Shift left RFO *- MAR «- LINK 

7. Test MAR LSB; if zero, go to 9 

8. Subtract RFO - MDR -* RFO, go to 10 

9. Add RFO + MDR -» RFO 

10. Decrement cycle counter; if + zero, go to 5 

11. Shift right MAR, link = "1" 

12. Go to format correction. 

The program flow diagram starts in Figure 5 where the 
program cycle counter is set and the least significant bits 
of the dividend are transferred from the I Bus to the 
MAR. The remaining divide program flow is shown in 
Figure 7. The first block is a start loop which waits for 
the divisor data on the I Bus. The dividend MSB is trans- 
ferred to RFO and the divisor to MDR. The program goes 
through eight repetitive cycles, each setting link bit 
status, shifting left the MAR and RFO, and performing 
the divisor add or subtract with RFO. After the eighth 
cycle MAR is shifted left with a logic "1" forced into 
the LSB through the link bit. 
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At this point, the answer is numerically correct with 
the quotient in MAR and the remainder in RFO. However, 
the answer may be in an unacceptable form. For example, 



Divide 



37 t 6 comes out 7, remainder -5. The program flow 
on the right side of Figure 7 checks the format by testing 
RFO - MDR = 0, RFO = 0, RFO + MDR = 0, and MSB of 
RFO = MSB of dividend on Bus. If the format is correct, 
the program jumps to start. If incorrect, the quotient and 
remainder are corrected as shown in Figure 7. 




TIE IT ALL TOGETHER 



Various test parameters can be identified from the 
program flow diagrams. These are 1) start, 2) program 
select, 3) shift right link bit, 4) MAR LSB, 5) cycle count, 
6) MSB of RFO EX-NOR MDR (available on C out), 
and 7) zero detect. From the flow diagrams and the basic 
block diagram in Figure 2, the complete system is tied 
together as shown in Figure 8. Start and program select 
go directly to the MCI 0801. Cycle count is a feature of 
the MCI 0801 and requires no special treatment. Zero 
detect, MAR LSB, and C out are gated to the MC10801 
as required for program test. Shift right link bit must be 
stored between microinstructions and uses bit 1 of register 
CR3. This bit can be tested internal to the MC10801 for 
program flow decisions. 



Register CR3 holds three program status bits. CR3, 
bit 0, is a page address representing the fifth microprogram 
memory address bit. CR3, bit I, is the shift right link bit 
and can be gated to the ALU C out (shift right input). 
CR3, bit 2 performs the same function for shift left and 
can be gated to ALU C in. 

The Figure 8 microprogram memory fields have been 
refined from Figure 2. Individual bits control the program 
test inputs, shift link bits, C in, and MC10803 P inputs. 
The three LSI parts have been previously defined. The 
remaining blocks in Figure 8 are SSI. A dual flip-flop 
(10131) supplies bounce elimination and start signal 
pulse shaping. Leftover NAND and OR gates are used 
for power-up reset and a crystal oscillator clock. 




FIGURE 8 - Processor Logic Diagram 
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MICROPROGRAM THE MEMORY 

The complete microprogram for Figures 5, 6, and 7 is 
given in Figure 9. A function column briefly describes 
each program step. Add column is the microprogram 
word address in hexadecimal format. Table 1 shows 
MC10801 sequencing instructions. INC and JMP are 
direct transfers of a new address to the microprogram 
address register, CRO. JEP is used for the five-way 
program select jump. Program select inputs are connected 
to the MCI 0801 Bus port and program select information 



corresponds to the individal program starting address. 
RSR loads the repeat cycle count into CR1. JSR jumps 
to the NA input address for a subroutine location and 
pushes a return address into the LIFO stack. If the sub- 
routine is to be repeated, CRO is pushed into the stack. 
Otherwise, CRO plus 1 is loaded in the stack. This repeat 
function is automatically controlled by the cycle counter 
internal to the MC10801. RTN pops the LIFO stack 
into CRO for a subroutine return. In a repeat mode, the 
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FIGURE 9 - Complete Microprogram for Figures 5, 6, and 7 



DESCRIPTION 


FUNCTION 


INC 


INCREMENT 


CRO PLUS 1 - CRO 


JMP 


JUMP TO NEXT ADDRESS 


NA - CRO 


JEP 


JUMP TO EXTERNAL PORT 


BUS-NA - CRO 


RSR 


REPEAT SUBROUTINE 


CRO PLUS 1 — CRO 
NA — CR1 


JSR 


JUMP TO SUBROUTINE 


N A — CRO 

CRO PLUS 1 — LIFO 


JSR 


JUMP TO SUBROUTINE (REPEAT) 


NA - CRO 
CRO — LIFO 


RTN 


RETURN FROM SUBROUTINE 


LIFO — CRO 


RTN 


RETURN FROM SUBROUTINE (REPEAT) 


LIFO — CRO 

CR1 PLUS 1 — CR1 


BRC 


BRANCH ON CONDITION 


CRO PLUS 1 — CRO (TEST - 0) 
NA - CRO (TEST - 1) 


BSR 


BRANCH TO SUBROUTINE 


CRO PLUS 1 - CRO (START) 
NA-CRO (START) 



\ 



TABLE 1 
Microprogram Flow Commands 
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cycle counter CR1 is automatically incremented on this 
instruction. BRC looks at the selected test parameter and' 
depending on test status executes either an increment or 
jump to NA inputs. BSR, normally a conditional branch 
to subroutine, is used to enable the MC10801 Branch 
input for a jump on start signal instruction. 

The NA column in Figure 9 is a jump destination. It 
is used with all flow instructions except INC and RTN 
which require no additional information for program 
flow. The NA field in this system is four bits wide and 
operates within a 16-word memory page. Page addressing 
is part of the 801 CR3 column in Figure 9. 

The MCI 0801 CR3 register holds the memory page 
address and two shift link bits. This register is parallel 
loaded on an I Bus to CR3 command, see Table 2. Notice 
CR3 bit is connected to IBO in Figure 8. This holds the 
page address constant on the I Bus parallel load command. 
The multiply program requires testing status of the shift 
right link bit for a program flow decision. Testing is 
accomplished by gating CR3 bit 1 to XB and making a 
program flow decision with a BRC instruction. The last 
two Table 2 commands control page address. For 
conditional jumps between pages CR3 bit is loaded from 
D In connected to XB. Alternately, CR3 bit can be 
toggled for unconditional jumps. 

The remaining fields in Figure 9 are relati vely straight- 
forward. XB can be selectively programmed to zero detect, 
LSB, or C Out. These are used with the BRC program 
flow instruction to make decisions in program. The SH R 
field gates the shift right link bit in MCI 0801 CR3 bit 1 
to carry out of the MC10803. It is disabled for all other 
arithmetic functions. The SH L field performs a similar 



function for the shift left link bit. Additional information 
on shift operations follows in the paragraph on MCI 0803 
ALU operations. 

The data field selects four different MCI 0803 data 
transfer functions. FDB transfers the information in RFO 
to the D Bus for answer display. 0DR and IDR read the 
processor inputs and transfer data to the MDR accumula- 
tor. ADR routes the ALU output to MDR. This is used to 
modify the MDR contents as in Figure 9, word 10, or 
to avoid changing information in RFO or MAR (program 
words 12, 17, 19, and 1A). 

The MCI 0803 ALU selects between RFO, MAR, MDR, 
Bus, I Bus, and P for operands. AND and exclusive OR 
are selected logic functions, with add and subtract selected 
for arithmetic. These functions combine with the P inputs 
for special operations: ALU = zero, word 1; MDR invert, 
word 10; and MAR decrement, word IE. Five different 
shift combinations are formed with the ALU, MC10801 
CR3, shift, and C In fields, as shown in Table 3. An 
IB -* CR3 in the MCI0801 CR3 field connects the shift 
out to a link bit. The shift field routes link bit to the 
shift input. Word 1 1 disables the shift left link allowing 
C In to become the shift input. Word 13 uses the shift 
left link for a rotate. 

Only selected MC10801 andMC10803 functions have 
been described as required for this program. They are a 
small percent of the total combinations available to a 
system designer. The LSI circuits therefore adapt to 
a wide range of system architectures and applications. 
Additional information is available on component 
data sheets. 



FUNCTION 


DESCRIPTION 


1 B — ' C R3 
CR31 — XB 
DIN -> CR30 

DIN - CR30. CR30> XB 


PARALLEL LOAD CR3 

TEST SHIFT RIGHT LINK 

CHANGE PAGE ADDRESS FROM D IN 

TOGGLE PAGE ADDRESS 



TABLE 2 
MC 10801 CR3 Commands 



FUNCTION 


OPERATION 


AS R RFO - RFO 


1 »-| RFO| »-| RL | 


LSR MAR — MAR 


1 _| MAR | >-| RL | 1 


SL MAR - MAR 


| LL 1- |MAR|- |CIN| 


SL MAR - MAR 


1 1 LL 1 MAR (-« 1 


SL RFO - RFO 


1 RFO l" 1 LL | 


TABLE 3 



ALU Shift Commands 
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THE FINAL SYSTEM 

Figure 10 is a picture of the complete wirewrapped 
system. The three LSI parts are in 48-pin quad-in-line 
packages with memories and SSI in standard 16-pin 
packages. IC headers hold discrete resistors and capacitors 
for the crystal oscillator, start pulse shaper, and power-up 
reset. The four remaining packages are pull-down resistors 
as required for ECL signal lines. A 10 MHz clock (100 ns 
microinstruction time) gives program execution times 
of 500 ns for add, subtract, and exclusive OR. The longest 
multiply is 5.3 >is and the longest divide is 5.2 fis. 
Additional circuits used as pipeline registers would reduce 
the microinstruction time, but the goal of this project 
is to keep part count and cost down. System power is 
under 14 watts including drive for 16 LEDs used to 
display the answer. 



Are bipolar LSI processors fast? This system is 
designed with the industry's fastest bipolar LSI circuits, 
the Ml 0800 family, but does not fully utilize the speed 
potential to minimize part count. Even so, the system 
performs the 8-bit 2's complement multiplication approxi- 
mately 100 times faster than a 1.0 /is MOS microprocessor, 
10 times speed improvement is gained with clock time, 
and 10 times speed improvement from architecture 
and microprogramming advantages. 



FIGURE 10 - Complete Wirewrapped System 
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M6800 SYSTEMS 
UTILIZING THE MC6875 CLOCK GENERATOR/DRIVER 
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Stephen R. Bookout 
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This application note describes the use 
of the MC6875 clock generator/driver in 
M6800 based systems. Design examples 
will demonstrate the capabilities of the 
driver in systems using slow and/or 
dynamic memories. Multiprocessing and 
DMA methods are also covered. 
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UTILIZING THE MC6875 CLOCK GENERATOR/DRIVER 



INTRODUCTION 

Previous methods of implementing MPU clocks ranged 
from discrete components to expensive hybrid schemes 
with hardware fixes for dynamic and slow memory 
handshaking. 

The MC6875 is a monolithic MPU clock driver 
containing the dynamic and slow memory handshaking 
logic. A series resonant crystal with a center frequency of 
four times the desired MPU operating frequency is all that 
is required for most systems. For systems in which 
frequency stability is not critical, R-C networks may be 
used. 



This application note describes the MC6875 clock 
generator/driver and illustrates its use in M6800 
microprocessor systems. Included in the design examples 
are slow memory, dynamic memory and DMA 
(multiprocessor) examples. 

PART DESCRIPTION 

The MC6875 clock generator/driver is contained in a 
16 pin dual-in-line package. The part uses Schottky 
devices to provide the high speed needed for fast rise and 
fall times and reduced propagation delays. Frequency is 
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controlled by a series resonant crystal or, alternatively, 
either an RC or LC network may be used. The resonant 
frequency of the oscillator is buffered and divided to 
produce the 4 x f o and 2 x fo outputs. The 2 x fo is then 
used to produce the Memory C lock. MPU 01, M PU 02 and 
Bus 02. Memory Ready and Refresh Request inputs are 
internally sampled on alternate edges of 2 x fo enabling 
the stretch of either 01 or 02. All outputs are capable of 
driving high capacitance loads typical of unbuffered 
systems. The MPU 01 and 02 signal outputs provide the 
necessary Vqh (VqC ' 6 V ) and v OL ( V SS + 4 V) 
capable of driving two MPUs. 

The functional block diagram of the internal logic of 
the MC6875 is illustrated in Figure 1. 

SIGNAL DESCRIPTION 

4x fo, 2 x fo 

A free running oscillator at four times (two times) the 
MPU's clock rate useful for a system sync signal. 

DMA/Ref Req 

An asynchronous input used to freeze the MPU clocks 
in the 01 high, 02 low state for dynamic memory 
refresh or cycle steal DMA (Direct Memory Access). 

DMA/Ref Grant 

A synchronous output used to synchronize the refresh 
or DMA operation to the MPU. 

Memory Ready 

An asynchronous input used to freeze the MPU clocks 
in the 01 low, 02 high state for slow memory interface. 

MPU 01, MPU 02 

Capable of driving the 01 and 02 inputs on two 
MC6800s. 

Bus 02 

An output nominally in phase with MPU 02 having 
MC8T26 type drive capability which follows MPU 02. 

Memory Clock 

An output nominally in phase with MPU 02 which free 
runs during a refresh request cycle. 



Power-On-Reset 

A Schmitt trigger input which controls Reset. A 
capacitor to ground is required to set the desired time 
constant. Internal 50 kS2 resistor to VqC- 

Reset 

An output to the MPU and I/O devices. 
XI, X2 

Provision to attach a series resonant crystal or RC 
network. 

Ext In 

Allows driving by an external TTL signal to 
synchronize the MPU to an external system. 

CAPABILITIES 

Slow memory access, dynamic memory refresh and 
DMA are three areas in which the MC6875 can be used to 
manipulate and control the MPU timing. 

Slow memory access is performed by stretching MPU 
02, Memory Clock and Bus 02 in the high state while 
stretching MPU 01 in the low state. Memory Ready is the 
control signal used to stretch these signals. Memory Ready 
is normally high and is active (low) only when addresses 
are valid to a slow memory or slow peripheral. It should 
be noted that at higher clock frequencies (above 1 MHz) 
many of the ROMs, RAMs and peripheral parts with 
access times sufficient for 1 MHz operation will be 
classified as Slow Parts needing this interface. The timing 
relationships are given in Figure 2. Memory Ready is 
sampled internally on the falling edge of 2 x fo. To stretch 
02, Memory Ready must be in its low state within the 
required minimum setup time, and held low for the mini- 
mum hold time, with respect to the falling edge of 2 x fo 
corresponding to the leading of 02 (see MC687S Data 
Sheet). Returning Memory Ready to its high state prior 
to the minimum high setup time referenced to a falling 
edge of 2 x fo will result in terminating the stretch 'on the 
following falling edge of 2 x fo. 

A method of generating Memory Ready is illustrated in 
Figure 3. CS is an active low signal developed from the 
address decode including VMA used to enable the RAM 
array. This signal is inverted (CS) and used to hold 



4,0 LJTJT_Rjn_TlJTJTJn^^ 


2,0 ~~L_I — i_r~ 


■ 50% f 


_j L_r~L_r~L_r 






i i 




-»'SMRL 




Memory Ready 1 


jf 




'HMRL-* 




-*-'SMRH 


1 1 




1 1 1 








"—1 1 




1 1 





FIGURE 2 - Slow Memory Timing 



135 



^ Optional Memory Ready 
for longer stretch of MC 



Normal 
Slow Memory 
Cycle 



Refresh Cycle 
while Addresses are 
valid to Slow Memory 




- VMA 

- Address Bus 



*«• i_rijnj"iJijnjnjnjnj^^ 




*2 




FIGURE 3 - Generation of Memory Ready 



Memory Ready at a logic "1" when addresses are not valid 
to the slow memory. When addresses are valid the CS 
signal releases the S input to the MC7479 D flip-flop and 
allows 2 x fo ANDed 4 x fo to clock the present value of 
Bus 02 on to the Memory Ready line. This scheme will 
stretch 02 high for an additional 1/2 MPU cycle. If 
additional access time is needed a one shot may be added 
as indicated by the dotted lines. 

Dynam ic Memory refres h can be done by cycle stealing 
using the Refresh Request and Refresh Grant functions of 
the MC6875. The clock generator will stretch 01 in the 
high state and 02 in the low state allowing a refresh cycle 
to occur within the 01 time. Figure 4 illustrates the 
Refresh Request and Refresh Gr ant timing requirements 
for the MC6875. Refresh Request is internally sampled on 
the positive or le ading edge of 2 x fo. To be recognized 
Refresh Request must be an active (low) prior to the 
minimum setup time and held low for the minimum hold 
time, referenced to the leading edge of 2 x fo occurring 
during the high portion of Memory Clock. If this is per- 
formed 01 will be stretched for a total of 1-1/2 MPU 
cycles providing Refresh Request is returned to a "1" 
level prior to the minimum se tup time precedin g the next 
leading edge of 2 x fo. Since Refresh Request is an asyn- 



chronous signal. Refresh Grant is provided by the MC6875 
to indicate to the board requesting refresh that the re- 
quest has been re cognized. Thus the inactive edge of the 
Refresh Request signal ca n occur synchro nously with 
Memory Clock. In Figure 5 Refresh Request is generated 
by clocking a D flip-flop with a refresh clock whose period 
is the required refresh rate. Refresh Grant is returned 
from the MC6875 to clock another D flip-flop which en- 
ables the Request flip-flop to be reset when the negative 
(leading) edge of the Row Address Strobe (RAS) occurs. 
The reset is disabled when the next leading edge of 
Memory Clock is encountered. Figure 6 illustrates the 
timing relationship of these signals. 

The three basic methods of doing DMA include cycle 
stealing, multiplexing and halting the processor. Cycle 
stealing is done in the sa me manner as dynamic me mory 
refresh. Refresh Request and Refresh Grant become DMA 
Request and DMA Grant. When performing DMA by cycle 
stealing it is important to observe the maximum stretch 
time the MPU can tolerate. Figure 7 illustrates the timing 
of DMA transfers by cycle stealing. It should be noted 
that the DMA controllers must provide the control signals 
R/W and VMA as well as the address and data lines. If the 
DMA Bus interface is wire ORed with the MPU Bus, the 
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MPU control pin (TSC) can be used to force the MPU Bus 
drivers to high impedence state. Another alternative 
would be to use a Bus Switch such as the MC3449. 

Multiplexed DMA results in the highest DMA transfer 
rate since the DMA operation is invisible to the MPU. 
Multiplexed DMA timing is given in Figure 8. This method 
requires memory access times fast enough to allow a 
complete read or write cycle to occur within 1/2 MPU 
cycle. A sample dual processor design given later will 
illustrate this technique. 

DMA by halting the processor is illustrated in the 
timing diagram of Figure 9. In this mode the MPU may be 
halted as long as necessary to perform the DMA as the 
MPU clock signals are not stretched. This technique is 
useful when Burst DMA is desired. The DMA controller 
must provide the halt signal (active low) to the MPU. The 
MPU will finish the current instruction and respond with a 
positive transition of BA (Bus available) when the 
instruction is finished. The DMA controller may then take 
control of the Bus for transfer. 
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DESIGN EXAMPLES 
Typical Buffered System 

In the block diagram of Figure 10 the MC6875 is 
connected in a typical buffered MPU system. The 
MC6875 should be located such that the signal path is less 
than two inches for the MPU 01 and 02. The damping 
resistors shown at the MPU 01 and 02 inputs should be 
located as close to the MPU inputs as possible. The value 
can range from to 30 ohms but the optimum value range 
is 10 to 20 ohms. These resistors damp the overshoot and 
ringing typically found in these systems. They also extend 
the rise and fall times and reduce non-overlap time of the 
01 and 02 signals. The block labelled DBE stretch is an 
optional circuit used with memory peripheral parts 
requiring longer data hold times. DBE stretch circuits are 
given in Figures 11a and lib. These are basic stretch 
schemes and may be modified to suit the hold-time 
requirements. DBE may be stretched up to the maximum 
time allowed by the MPU specification used. 

The block labelled Bus Control Logic of Figure 10 is 
expanded in Figure 12. As shown, this logic controls 
receiver/driver sections of the MC8T26. The Read Enable 
(Receiver) is an active low signal enabled only when R/W 
is high and Bus 02 is high (Read Cycle). The write Enable 



(Driver) is an active high signal enabled only when R/W is 
low, MPU DBE is high and the MPU is not in the halt 
mode (BA high). MPU DBE is used to provide the data 
hold times required by some memories such as the early 
2102. 

2048 x 8 Bit Slow Memory Design Using Silicon Gate 
MOS 2102 

The very first step in designing a memory system is to 
develop a timing diagram showing the relationship of the 
MPU timing and the required memory timing for both the 
Read and Write cycles. Once this is done the designer can 
easily develop the controller which consists of address 
decode, R/W and various strobe signals. Figure 13 
illustrates these relationships. The memory CE can be 
presented to the memory array as soon as the MPU 
addresses are valid. As described earlier, CE should be 
used to develop the memory ready signal stretching 02 1.5 
Ms. R/W_ to the memory array must wait at least 200 ns 
after CE for a write cycle. This can be accomplished by 
incorporating Bus 02 into the Memory R/W signal. See 
schematic of Figure 14. 

16K x 8 Dynamic Memory Using MCM6604 

Dynamic memory system design has been complicated 
due to the involved controller. The controller has to 
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provide refresh, R/W and Row and column address 
strobes. The MC3480, in conjunction with theMC3232A 
and MC6875 handles all of this with ease. The block 
diagram in Figure 15 describes a typical 16K system 
employing the MC3480. The MC3480 is intended for use 
with the MC3232A (Address multiplexer and refresh 
counter) and the MCM6604 4K dynamic RAM. The delay 
circuit may be manipulated to configure the output 
timing for other memory types. 

Figure 16 is the timing diagram for the MPU, MC3480 
and MCM6604. The time delayed inputs, tl through t5, 
may be generated by delay lines, one shots, counters or 
combinational logic, depending on the speed of operation 
and signals available. One method of generating these 
delays employing a shift register is shown in Figure 17. 
The shift register is clocked on the positive edge of 4 x fo 
and is pre-set on the logical AND of 4 x fo, 2 x fo and fo. 
Figure 18 uses combinational logic to develop the delayed 
inputs to the MC3480. With this technique the MC687S 
must run slower (3.32 MHz Crystal) to align the 4 x fo 
and 2 x fo signals with the required time delays. 
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Multiplexed Dual Processor System 

Several methods exist for designing dual or multi-MPU 
systems. The multiplexed scheme is the most popular due 
to its high processing rate. The block diagram of Figure 19 
illustrates the technique of swapping the MPU 01 and 02 
signals and multiplexing operations on a common memory 
array. The total system in actuality would contain three 
buses. One bus for each MPU containing ROM, RAM and 
I/O and the third bus containing the common RAM. As 
stated earlier the access time of the RAM and/or I/O used 
on the common bus will determine the clock period. The 
same techniques used here for accessing the common area 
would also be used for DMA access. Figures numbered 20 
and 21 indicate the buffered dual processor board and 
common memory board. Not shown are the main buses 
containing the required ROM, RAM and I/O. The MPU 
board is straightforward; note that the MC6875 is directly 
driving both MPUs. In Figure 21, MC3449s are controlling 
the address and data bus. 02 controls the selection of Bus 1 
or Bus 2. When 02 is low, Bus 2 is selected and when 02 is 
high Bus 1 is selected. CS is then developed by decoding 
address bits A8 through A15. CS is then used as a chip 
select to memory and as an enable to the MC3449s 
controlling the data bus entry. The R/W line is then used 
to control the direction of the Data Bus. Because of the 
timing requirement of the MCM6810AL1 and propagation 
delay of the MC3449s along with the Address and Data 
buffers, the MC6875 must run slightly slower 
(approximately 840 kHz). This technique can be 
expanded by adding other MPUs sharing common 
memory with the first MPU. Thus MPU1 becomes a 
master and the other MPUs are slaves sharing common 
memory only with the master. (Note: All addresses must 
be unique.) 

Dual Processor Using Halt 

This technique, as described earlier, is illustrated in the 
block diagram of Figure 22. For simplicity, it is shown 
with MPU1 as a master with access to Bus 2 as well as Bus 
1 . In a user system both MPUs may have access to either 
bus. In this application access is gained to the second bus 
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by halting MPU2 using a PIA on Bus 1. When MPU2 
finishes the current instruction BA will return high 
switching control of Bus 2 to MPU1 and at the same time 
indicating to MPU1 that the bus is available. This 
technique can be used in conjunction with the 
multiplexed scheme in multiprocessing applications; 
however, NMOS drivers may have to be used to expand 
the drive capability of the MC6875. 

Design And Layout Considerations 

Certain precautions must be taken when designing an 
MC6875 into an M6800 system. It is recommended that: 

1. The MC6875 be located such that the MPU 01 and 02 
signal paths are within 2" of the MPU. 



2. Damping resistors within the ranges of 10 to 30 ohms 
should be located as close as possible to the MPU 01 
and 02 input pins of the M6800. 

3. Refresh Request and Memory Ready be pulled up 
when not in use. 

4. Crystal, RC or L-C controlling networks be located as 
close as possible to the corresponding inputs of the 
MC6875. 

5. Ground loops be avoided and high frequency bypass 
capacitor used directly at the MC6875. (0.1 juF ceramic 
disk) 

6. The External Input be grounded if not being used. 
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7. If Dynamic Memory is used th e Rese t output should be 
buffered and the resulting Reset be ORed with a 
debounced Master Reset signal. This is needed since the 
Power-On-Reset input will disable the dynamic 
memory refresh. 

8. TTL and NMOS loads should not exceed the maximum 
capability of the MC6875. 

9. Crystals be selected with equivalent series resistance of 
35 to 60 ohrns and that can tolerate a circuit load 
capacitance of 12.5 to 19 pF. These crystals may be 



purchased from Tyco or CTS Knights Inc. 

CONCLUSION 

The MC6875 is a very versatile, reliable and 
inexpensive clock. It can be tailored to trie users' system 
with a minimum of handshaking logic. As shown earlier, 
the 2 x fo and 4 x fo outputs are useful in developing 
various control signals needed with certain memory and 
I/O parts. The high drive capability make it useful in 
buffered, unbuffered and dual MPU systems. The clock 
stretching capability make it useful in Dynamic Memory, 
slow memory and DMA applications. 
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FIGURE 18 - 16K Dynamic RAM Using 4 fo and 2 fo Timing 
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This application note describes the 
design of a dual processor system for use 
in the EXORciser. In this system, the 
processors have control of a common bus 
on opposite phases of the clock. 
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A DUAL PROCESSOR SYSTEM FOR USE IN THE EXORciser 



INTRODUCTION 

This paper describes the design of a dual processor 
system with a minimum of additional circuitry over a 
single processor system. The system is EXORciser com- 
patible, operating under a common program, EXbug. 

DUAL PROCESSING 

You can increase your system's throughput by using two 
processors instead of one. The added speed is accomplished 
by doubling the available processing power which includes 
increased interrupt handling capability for the same 
system. The system may also be designed so the cost will 
be only a little more than a single processor system. 

Many configurations are possible when connecting 
two processors together. Figures 1 and 2 show two imple- 
mentations each using two processor subsystems connected 
by some logic interface. Although these figures show 
two completely separate systems, they may share 
some common components such as power supplies, 
clock circuitry, etc. Also, these two implementations 
may be extended for use in a system with more than 
two processors. 

In Figure 1 , PIAs are used for communication between 
the two systems. The PIA contains two 8-bit data ports 
with additional internal logic to take care of the "hand- 
shaking" between the two processors when the data is 
transferred. The PIA can be programmed so that one is 
an input port and the other is an output port. In this 
scheme, one processor could handle the peripheral input 
and some data formatting, then send the data to the 
second processor for the data maipulation. After the task 
is complete, the second processor sends formatted data 
back to the first processor for unformatting and output 



to a peripheral. Thus, while the first processor is 
receiving/transmitting data, the second processor could 
be doing the "number crunching". 

Figure 2 shows a FIFO (First-In First-Out Register) 
being used for transferring data between the processors. 
(Shown in the diagram is data flow in one direction, but 
the same logic could be repeated for data transfer in the 
other direction.) In this configuration, the first processor 
may stack data for use by the second processor and the 
second processor may read data as needed, thus saving 
processing time from answering interrupts for data being 
transferred in. Here, the processors are allowed to operate 
more efficiently. 

Another approach to the dual-processor implementation 
is shown in Figure 3. Here both processors utilize the 
same bus, operating on opposite phases of the clock. 
This system eliminates the need for a second bus structure 
and most of the hardware or software for communication 
between processors. Since the processor transfers data 
only during the 02 portion of its clock cycle, it needs to 
have access to the bus only during this time and not during 
01. Therefore, when one processor is in the 01 portion of 
its clock cycle, the other processor is in its 02 portion and 
has control of the bus. This doubles the effective speed of 
the data transfer rate. (Since the bus cycle time has been 
cut in half, the response time of the bus parts should be 
checked to insure proper timing.) 

Communication between the two processors may now 
be done in common RAM. This feature saves adding a 
couple of PIAs or FIFOs plus extra interface logic. 

Some other features of this system include eliminating 
some ROM where common routines may be utilized. If 
both processors execute the same program, the cost of 
the total system's ROM will be cut in half. 



FIGURE 1 - Dual Processor System Using PIAs 

EXORciser and EXbug are trademarks of Motorola Inc. 
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If the same program is used for both processors, each 
processor will probably need some dedicated "scratchpad" 
RAM and I/O. Dedicating certain blocks of RAM and I/O 
to one processor can be done by including a clock signal 
as part of the address decoding. If processor A needs a 
certain block of memory dedicated to it, the clock 02 
signal should be included in the address decoding for that 
block. Then when processor B tries to access that block 
during its 02 portion of the clock, the clock's 02 is low, 
thus, that memory block isn't fully addressed and won't 
respond, while the memory enabled with the clock's 01 
signal will respond only to processor B. 



SYSTEM DESIGN 

Of the three dual processor systems described, the 
latter approach was used because of its simplicity , minimum 
package count, and common utilization of memory and 
software. The dual processor system was designed in 
accordance with the following set of requirements. 

First the system will use one EXORciser with little 
modification, since the EXORciser has the needed bus 
structure and power supplies. 

Second, both processors will execute the software 
resident to the EXORciser system, namely EXbug. Using 
this program will eliminate extensive software develop- 
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ment for the system, since EXbug has routines to load and 
punch program tapes, change memory, and start execution 
of the programs entered, along with some program 
debugging capability. 

Third, each MPU must have dedicated memory and I/O 
to accommodate the EXbug program. The I/O (serial 
communication utilizing an-ACIA)must interface to both 
a TTY 20 raA loop and an RS-232C terminal interface. 
In addition, each MPU must have a ROM for vectoring to 
a system reset address. 

Fourth, each processor will operate at a 1 MHz clock 
cycle time. With both processors operating at 1 MHz, 
the bus will operate at 2 MHz or 500 ns cycle time. To 
be included in the clock design is the ability to refresh 
memory on a "cycle-stealing" basis, thus transparent 
to the MPU. Also to be included should be the ability to 
slow the clock to allow data transfer for the slower 
responding bus parts. 

Fifth, when one or both of the MPUs are halted 
(either by a WAI instruction or pulling the Halt line low) 
the address and data bus should go into the high- 
impedance state, with the exception of VMA. VMA 
should go to a "0" level so erroneous reading and writing 
does not occur. An option should be included so control 
of the bus may be taken over during the time when an 
MPU is in a halt condition. 

CIRCUIT DESCRIPTION 

The EXbug program requires a minimum of an ACIA, 
RAM, and ROM for its hardware support. These items 
are needed for program operation and are duplicated for 
each MPU. The addition of a PIA and its supporting 
hardware will enable the following EXbug commands: 
(;P), (n;P), (N), (;N), (n;N), ($T), and ($S). (See the 
EXORciser User's Guide for command descriptions.) 
Although not included in this system, the address 
decoding must allow for the PIA so that no other com- 
ponent on the bus will respond to that address. 

Figure 4 shows the memory map for this system. 
Common user memory is allocated addresses S0000 to 
SEFFF (Hex). The EXbug program occupies addresses 
SF000 to $FBFF. The address block SFC00 to SFFFF is 
a block of memory dedicated to each MPU. In this block 
is the mutually exclusive hardware support for the 
EXbug program. 

The block diagram for this system implemented as one 
module for the EXORciser is shown in Figure 5. This 
system is divided into three blocks plus the MPUs. The 
three blocks consist of Clock/Control, Bus Interface, and 
Dedicated Memory and I/O. 

Clock and Control 

The clock and control section is described in two 
sections: Reset and Clock Design. 

Reset. The reset of either the A or the B MPU can be 
actuated by a number of signals (Figure 6). Both the A 
and B systems are reset by a power-on reset. When the 
+ 5 V power is turned on, the timer (MC1455) is auto- 
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FIGURE 4 - Dual Processor System Memory Map 



matically triggered and pulls the Master Reset line low. 
resetting the whole system. When the timer has timed out 
(about 400 ms) the reset line is brought high allowing 
both the A and B MPU to come out of the reset mode and 
start execution. The Master Reset line may also be pulled 
low by a signal from the bus. The bus master reset and the 
power-on reset are wire-ORed so either may cause the 
whole system to be reset. 
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Each MPU also has its own reset line (Reset A and 



Reset B) which will reset the respective MPU and the bus 
parts connected to it. These two reset lines are pulled low 
each time the entire system is powered up or when the 
Master Reset line on the bus is pulled low. Also, an 
individual MPU may be reset by pulling the reset line 
associated with it (Reset A or Reset B) to ground. The 
reset from the bus is wire-ORed with the reset from 
power-on/Master Reset so either signal may reset the MPU. 

Clock Design. The system clock can be analyzed in two 
parts: The bus clock and the MPU clock (Figures 7 and 
8). The bus clock runs at 2 MHz and provides the 202 
signal for the bus. Additional circuitry is included in the 
bus clock to allow for the slow response time of some bus 
parts and for the refreshing of dynamic memory. 

When using dynamic memory, a refresh cycle must 
be provided to recharge the memory cells. To execute 
a refresh cycle, the memory module generates a request 
for refresh (REF REQ) signal. This signal asks the clock 
for a refresh cycle. On the next 201 portion of the clock 
cycle (see Figure 9A), the clock generates a refresh grant 
(REF GNT) signal telling the bus ihat a refresh cycle has 
been granted and it is now taking place. During the refresh 
cycle, the 202 clock remajns low for that cycle of the 
clock. Since some memory modules need a clock for 
timing during a refresh cycle, another clock signal is also 
generated called Memory Clock (MEM CLK). This clock 
signal is the same as 202 except during a refresh cycle it 



continues to cycle while 202 remains low for that 
clock period. 

Also included in the bus clock design is the ability 
to stretch the 202 or data transfer portion of the cycle. 
Since the clock period is 500 ns (2 MHz) some of the 
logic interfaced to the bus may not have enough time 
to respond to the fast rate and requires more time for 
the data transfer. When an MPU addresses such logic, 
the logic should respond by pulling the Memory Ready 
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line to ground, asking the clock to stop in the 202 portion 
of the cycle in progress. When the data has transferred, 
the Memory Ready line is brought high again. (Memory 
Clock is unaffected by this operation and keeps on 
cycling.) Therefore, when the Memory Ready signal is 
brought high, the bus clock output 202 waits in the 202, 
or high, portion of the cycle until the Memory Clock 
signal has completed its 202 portion of the cycle. Figure 
9B shows the timing when addresses SF000 to SFFFF 
(EXbug portion of memory) are on the bus and valid. 
This cycle stretching is done to allow for response time 
of the ROM, RAM, and ACIA. 

The MPU clock is a derivative of the bus clock. This 
clock takes the 202 signal from the bus clock section 
(Figure 8) and uses the negative going edge of 202 to 
toggle a flip-flop, dividing the bus clock by two. The clock 
outputs of this circuit produce non-overlapping 01 and 
02 signals. These signals correspond to the clock inputs 
to MPU A (MPU B uses 02 as its 01 input and 01 as its 
02 input). The 01 and 02 signals used to drive the MPUs 
are from the outputs of an NMOS address line driver 
(MC3459). Although these clock signals don't meet 
the worst case specification for the MPU's clock inputs, 
they have been found to work satisfactorily. 

Since the system operates at 2 MHz, the timing 
relationships between the MPU and bus must be carefully 
analyzed. The MPU clock generates non-overlapping 01 



and 02 signals. In this generation, the 02 clock is held 
low six gate delays longer than the 01 clock signal so the 
02 clock is high for a shorter time than 01. Figure 9C 
shows the timing necessary for data transfer to and from 
the MPU. (The timing diagram is looking at the bus after 
the typical delay times on the dual processor module have 
been included.) 

BUS INTERFACE 

The bus interface associated with each MPU will be 
enabled only during the 02 portion of that MPU's clock 
cycle. Since the MPUs operate on opposite phases, each 
set of drivers/receivers will be enabled only on half of 
a clock cycle in a non-overlapping fashion. An MPU 
control signal, Bus Available (BA), is also used to enable 
the bus interface. The BA signal, when high, indicates 
the MPU has stopped (either by a Wait instruction or the 
Halt line going low) and the bus is available. This signal 
disables all the bus drivers of that MPU during its normal 
02 cycle. 

The bus interface (Figure 10) is divided into two 
sections: The address drivers and the data drivers/receivers. 
The address drivers buffer the 16 address bits, R/W and 
VMA. These drivers are enabled during each 02 clock of 
that MPU unless the BA signal is high, then the drivers 
are left in the high-impedance state. When the bus is 
available, the VMA (see Figure 1 l)and VMA are normally 



162 



Address, R/W, VMA 



EXORciser Bus 



3 



Address, R/W, VMA , 



Address 
Drivers 



Address , 
R/W, VMA 



Data 
Drivers/ 
Receivers 



FIGURE 10 - Bus Interface Block Diagram 



held at a "0" level. If some peripheral (i.e., Direct Memory 
Access) needs the bus, the VMAEXT signal must be used 
to get VMA on the bus to go to a "1" level. Here the 
peripheral will raise to a "1" level the VMAEXT line 
when the valid address is on the bus for data transfer. 

The data drivers/receivers are bidirectional three-state 
devices. To enable either the drivers or receivers, it 
requires a combination of the R/W, VMA, BA and 02 
signal for the MPU being buffered (Figure 12). The bus 
drivers are enabled when the MPU's clock is in its 02 
portion, R/W is low indicating a write function and BA is 
low. The bus receivers are enabled when the MPU's clock 
is the the 02 portion, R/W is high indicating a read 
function, VMA is high indicating the address is valid and 
BA is low. 



DEDICATED MEMORY AND I/O 

To minimize the logic needed, the two MPUs and the 
dedicated memory and I/O were incorporated in one 
module for the EXORciser system. For each MPU, this will 
eliminate some of the data bus interface, since the ACIA, 
RAM, and ROM data lines may be wired directly to the 
respective MPU. In addition, by placing both A and B 
sides of the memory and I/O on one module, the address 
decoding redundancy may be eliminated. 



Table 1 shows the address decoding necessary to 
uniquely decode each component (ACIA, PIA, RAM and 
ROM) as to its bus addres s. This addressing is enabled 
with a signal called FCXX, where address bits A10 to 
Al 5 are at a logic 1 level. Also, in the enabling of each 
component is the clock's 01 or 02 signal, defining which 
MPU is talking to the bus. 

The first two machine cycles after an MPU has been 
reset, the ROM is enabled and the RAM at the restart 
vector address is disabled. This offset is added to the ROM 
so the restart may vector to the proper address. After the 
first two cycles, the ROM is then addressed in its normal 
memory location (Figure 13). 

The ROM also contains the control character necessary 
to program the ACIA. EXbug programs the ACIA 
according to the speed of the terminal, so when a tele- 
typewriter is connected (110 baud), the ACIA is 
programmed for 1 start bit, 8 data bits, and 2 stop bits. 
Otherwise, the ACIA is programmed for 1 start bit, 8 data 
bits, and 1 stop bit. To indicate when a teletypewriter is 
connected, the TTY input line is grounded (Figure 14). 

The TTY and terminal interface is shown in Figure 14. 
This circuit supports a 20 mA loop for TTY interface 
and a standard RS-232C terminal interface. Included is 
a bit rate generator to supply both AC I As with the proper 
baud rate for the teletype or terminal connected. 
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TABLE 1 
Address Decoding 

(Address Bits A10 to A15 = 1) 



Device 


Addresses 


A9 


A8 


A7 


A6 


A5 


A4 


A3 


A2 


A1 


AO 


RAM 1 


$FF80 - $FFFF 


1 




1 


X 


X 


X 


X 


X 


X 


X 


RAM 2 


$FF00-$FF7F 


1 







X 


X 


X 


X 


X 


X 


X 


ROM 


$FCFC-$FCFF 















1 


1 


X 


X 


P1A 


$FCF8 — $FCFB 















1 





X 


X 


ACIA 


$FCF4-$FCF5 






















X 



Where: 1 = High Enable 
= Low Enable 
X = Address/Register Select 
— = Don't Care 
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MODIFICATIONS TO THE EXORciser 

A few modifications to the basic EXORciser system 
were needed for the system to operate properly. 

First, the MPU module supplied in the EXORciser 
must be removed. This is obvious, since the dual-processor 
system contains both of the MPUs for the system. 

Second, U20 (MC7473) on the Debug Module 
must be removed and a short inserted between pins 
13 and 11. This will disable the power-up/restart 
sequence of the module. 

SUMMARY 

The system as shown has utilized the following features 
of dual processing. 

1. Share common ROM. Both processors share the 
common EXbug program ROM. 

2. Dedicated block of memory. Both processors have 
exclusively at the same addresses an ACIA, RAM, and 
ROM. 



3. One bus structure. This system shows how a one bus 
dual-processor system may be implemented. This also 
includes only one set of power supplies. 

4. One clock circuit. This system uses one clock which 
eliminates duplication of hardware. 

5. Both processors operate at 1 MHz. Except when 
executing the EXbug control program, both processors 
operate at 1 MHz doubling the overall system throughput. 
In this system, the EXbug program is used only for 
loading programs and program debugging. Once the 
dual-processor system's software has been debugged, the 
EXbug program is needed only to load the programs 
and initialize program execution. 

After the modifications to the basic EXORciser were 
completed, the dual processor module was inserted into 
the EXORciser, terminals connected, and powered up. 
Both MPUs, automatically reset, started execution of the 
EXbug progam. A short program was executed in the 
common user memory to insure both processors operate 
at the 1 MHz speed. 



165 




VM A 
" MC301 



if MC3005 





-(fcxx 



Memory^— C _ Q 
Clock 



A 

Memory 
Ready 







A3 


/ 




A2 


/ 




R/W 


/ 







Address Bus 



FIGURE 13 - Dedicated Memory and I/O 



166 



1 .8432 MHz 



n Reset • + 

RB 1 Baud 



I 



F7 
F9 
F13 

Xout RA 





Tx 




Rx 




DCD 


< 








< 


CTS 




Tx Clk 




Rx Clk 




RTS 



825123 
ROM 

A2 




RS-232C 
Terminal 



v\ 1 

10 i k : 



TTY Terminal 
Strip 151411 



r: 



To Reader 
Relay 



FIGURE 14 — Teletypewriter and Terminal Interface 



167 



1 



AN-783 



SYNCHRONIZING TWO MOTOROLA MC6802s 

ON ONE BUS 



Prepared by 
James Farrell 

NMOS Microcomputer Applications 



The Motorola MC6802 Microprocessor is an extremely 
versatile system tool in many applications. One applica- 
tion that has presented some difficulty has been synchro- 
nizing two MC6802's on the same data bus. This applica- 
tion allows each MPU to operate during the half-cycle of 
02 (E) that the other MPU is disabled. This permits the 
added computing power of two MPU's while maintaining 
the system costs of one data bus. Furthermore, there is no 
time sacrificed since the half-cycle used would normally 
be "dead time" on the bus. 

Normally, the Xtal and Extal inputs would have 
a 4 MHz crystal attached or a 4 MHz TTL signal going 
directly into the Extal TTL input (pin 39). The MPU, 
internally, divides the incoming frequency by four and 
derives the external "E" output from its internally gen- 
erated 02. Synchronizing cannot be accomplished if each 
MPU has its own crystal source. The "E" outputs will 
be asynchronous. If both MC6802s are driven directly 
from the same frequency source the enable (E) outputs 
may be 0°, 90°, 180°, or 270° apart in phasing. There 
is no synchronizing input pin on the part. 

Three problems are inherent in construction of a cost 
effective Dual MC6802 system: 

1. Developing a low cost frequency source to drive the 
MC6802's external inputs. 

2. Phasing the "E" outputs of the MC6802's to be 180° 
apart reliably before the start-up reset is disabled. 

3. Insuring the internal propagation delays (sometimes 
called "slewing") are nearly identical to avoid over- 
lapping of the "E" outputs when they are high. 

The NAND gates labeled "A" and "B" on Figure I are 
used as an extremely low cost frequency source. This ap- 
proach is reliable and always initializes. The frequency 



output is subject to the Temperature Coefficient and tol- 
erance build-up of the parts used. 

The MC6802's performance will not be degraded by 
this small frequency change, but it may be important in 
the rest of the system. If a better frequency source is 
needed-lower drift or tighter frequency tolerance— many 
standard circuits are available. 

The NAND gates labeled "C" and "D" in Figure I func- 
tion as a Phase Locked Loop and "D" synchronizes the 
phases of the enable outputs to be 180° apart. Upon ini- 
tialization, NAND gate "C" compares the state of the 
MC6802's enable outputs. If they are in contention (i.e., 
both outputs are high at the same time) gate "C" disables 
the oscillator frequency entering the Extal input to 
MC6802 unit #2. Gate "C" stops disabling gate "D" when 
MPU's #1 and #2 "E" outputs are 180° out of phase (i.e., 
in synchronization— see Figure II). The worst case of 
synchronization will take 3/is to accomplish with a 4MHz 
input frequency (12 cycles of the input clock). 

In order to avoid contentions once the MPUs are in 
synchronization, it is necessary to assure that the internal 
propagation delays (slew) are equal. There are two major 
factors controlling this propagation delay (Figure II). The 
most^obvious is the package. The inherent body and lead 
frame difference between the plastic and ceramic packages 
offer different body capacitances to the chip. Since this is 
a consistent value, no problem will be encountered if the 
same package is used in both positions. Changes in the 
chip design will also cause a timing change. It is the nature 
of the state of the art in the NMOS IC business that the 
chip will be changed as time goes on. This problem can be 
avoided by using parts with matching date codes, thereby 
avoiding using two "different" MC6802's. 
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AN M6800 CLOCK SYSTEM THAT HANDLES DMA 
AND MEMORY REFRESH CYCLE STEALING 

Prepared by 
Bob Ferguson 

Computer Systems Engineering 

Dynamic memory and three-state cycle stealing for Direct Memory 
Access transfers require a clock generator and priority logic to maintain 
proper refresh times of the dynamic MPU and dynamic memory. The 
design presented here demonstrates use of the MC6875 clock generator 
with an MC6800 MPU. 



INTRODUCTION 

Microprocessors are rapidly reaching areas where high 
speed data transfers using a Direct Memory Access Con- 
troller are necessary and yet to be cost effective systems, 
they must also have dynamic memory. One method of 
providing a means of stealing cycles from . the MPU for 
DMA transfers, refreshing memory through cycle stealing, 
and also providing refresh to an MC6800 dynamic MPU 
after each cycle stolen, is presented here. 

The two key ingredients are the MC6875 clock chip 
designed for use with the M6800 MPUs, and a priority 
logic design incorporating Motorola's Low Power Schottky 
parts to control the priority of cycle stealing requests to 
the MC6875. The circuit also guarantees refresh to the 
MPU after each cycle steal before granting the next 
cycle steal. 

MC6875 CLOCK CHIP 

The MC6875 is a two phase clock generator/driver 
incorporating Schottky monolithic construction. It is 
intended to supply the non-overlapping 01 and 02 
signals required by the M6800 MPU system. In addition to 
supplying the system 01 and 02 requirements, it also 
provides two free running oscillators, one at twice the 
MPU clock rate (2 X fo) and the second with four times 
the MPU clock rate (4 X fo). These are useful as system 
synchronization signals (see Figure 4). 

The MC6875 clock chip permits cycle stealing from 
the MC6800 by holding its MPU 01 output high, its 
MPU 02 and Bus 02 outputs low, during a cycle steal 
Grant. Memory 02 continues to run during the Grant, 
allowing memory to be refreshed or DMA transfers to 
be done during this time. The Grant output and clock 



stretching is the result of a Refresh/DMA Request input 
to the MC6875 from the requesting area desiring service. 
(See Figures 1 , 2, and 3.) 



ADDRESS BUS A0-A1S 




FIGURE 1 - System Block Diagram 



Figure 2 shows the timing relationship for a dynamic 
memory refresh cycle steal. When the refresh logic issues 
a request for refresh to the MC6875 clockchip.it should 
be done 25 ns prior to the rising edge of 2 X fo. One 
means of accomplishing this is to use the rising edge of 
Memory Clock. This allows time enough for setup and at 
the same time eliminates the need of special logic. Grant 
is issued by the MC6875 at the beginning of the next 
cycle following a request input from the Priority Logic. 
01 is stretched high during the Grant time plus one half 
cycle, while Bus 02 and MPU 02 are stretched low. Should 
a Refresh Request arrive at the Priority Logic while a 
DMA Grant is going on, the input latch will hold the 
request . (See Figure 4 , U 1 8 . ) 
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FIGURE 2 — MC6875 Interface Timing: Dynamic Memory Refresh 



Figure 3 shows the timing of a DMA Controller 
(MC6844) DMA Request and DMA Grant in the three- 
state control (TSC) steal mode. DMA Request is timed by 
the DM AC. Note that the DMA Request does not go high 
again with the receipt of Grant by the DMAC. Rather the 
DMA Request remains low until the DMAC issues the Tx 
STB output. This strobe pulse indicates when a DMA 
transfer is occurring. The Tx STB time period is when the 
address valid (VMA) and three-state control (TSC) signals 
are placed on the system bus. Tx STB also provides the 
chip select signal, and selects the predetermined address 
to be input to the peripheral part. (See Figure 5.) 

TRANSFER CYCLE 
LOST CYCLE j 




FIGURE 3 - MC6875 Timing: DMA (MC6844I 
Three-State Steal Mode 

HOOKUP 

The MC6875 may be operated with a series resonant 
crystal having an internal impedance of 35-60 H, with 
an LRC network, or an RC network. In the event a crystal 
is used, some crystals may require a capacitor in parallel 
with them. The size necessary would be between 15 to 30 
pF. The purpose is to act as a damper so the clock chip 
does not start at the second or third harmonic of the 
crystal (Figure 4, point 1). 



A power on reset function is built into the MC6875 
to enable the M6800 MPU to trap to its power-up vector 
address. The Power On Reset input should have a capacitor 
to ground as its only input. Using any type of switching 
input would result in the loss of memory contents should 
a Refresh Request be present with the Power On Reset 
input low. This results because the MC6875 will not 
service requests for cycle stealing during the time the 
input is low (Figure 4, point 2). 

The two MPU clock outputs 01 and 02 may require a 
resistor in series with them to the input of the MC6800. 
This allows for damping. The Bus 02 and the Memory 
Clock 02 outputs may also require a resistor in series with 
their outputs to the load. These should all be in the 
10 to 30 ohm range (Figure 4, point 3). 

PRIORITY LOGIC 

The Priority Logic was developed to enable the user to 
refresh dynamic memory with the MC6875 as well as do 
DMA transfers using a cycle steal method. Since the 
MC6875 services only one request input, a method of 
handling more than one request and establishing a priority 
of one over the other was necessary. The MPU must also 
be refreshed every 4.5 us; and therefore, a means of 
allowing at least 1 cycle through to the MPU is necessary 
after each cycle stolen. 

The Priority Logic functions as an extension of the 
MC6875. If only one operation (memory refresh or 
DMA transfer) is to be done, the logic is not necessary 
for operation of the MC6875. 



LOGIC OPERATION 

A Memory Refresh Request needs to have priority over 
a DMA Request. This is accomplished by the R-S latch 
output disabling the DMA Request input (U18-8 to 
U2I-1 1 ; Figure 4, point 4). This would then allow Ul 9-6 
to go high and replace U20-3 as the input to DMA/Ref 
Req gate (U21-A). C3 acts to eliminate any glitch during 
this transition. However, once a DMA/Ref Grant has been 
given by the MC6875, the requesting side (DMA or 
memory) will disable the other until the cycle stolen 
is completed (Figure 4, point 5). Refresh Request input 
from a dynamic memory board is usually only a pulse 
except when the MC3480 is used. Therefore, a latch 
(U18) is provided to hold the request in the event a DMA 
Request is being serviced. 

Two J-K flip-flops are used to allow one cycle of MPU 
01 and 02 to be completed in the MPU to refresh its 
dynamic registers before granting the next request to steal 
a cycle. The flip-Hops are clocked by Bus 02 which is 
stretched low during a cycle steal. When the request line 
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goes high for the DMA side or the latch is reset for the 
memory side, the K input of the respective flip-flop 
will go high (Figure 4, point 6). The flip-flop will not 
change until the Bus 02 has had time to produce, a pulse 
of normal duration. Once done the logic for request 
inputs is enabled (Figure 4, point 7). Contiguous TSC 
transfer requests are not permitted by this design from 
a requesting device, nor does the MC6844 perform TSC 
steal transfers in a contiguous manner. 

SUMMARY 

This paper has shown that the MC6875 may be utilized 
by many devices using cycle steal transfers or refresh. The 
MC6844 DMA controller has four channels for DMA 
operation. With the addition of this part to the system, 
two floppy disk systems and a high speed data channel 
utilizing the MC6854 ADLC for bit oriented protocols 
could be part of the same system. Further, four more 
DMA channels could be added by increasing the priority 



logic by one more stage. Such a system is unlikely, but 
still it is possible. The MPU board, as it was designed, 
was for use in Motorola Microsystems EXORciser, a 
multi-board system. Because of this, three-state buffers 
and drivers were added to the MPU board and the 
ADLC -DMA board. Should the designer wish to leave 
off these extra parts, all but the three-state buffers for 
the DMA address lines may be removed and retain the two 
cycle loss of MPU time. The three-state function of the 
MC6844 takes up to 700 ns to become effective after 
Tx STB has gone high. Therefore, the ability to immedi- 
ately begin MPU operations is impaired. Should the 
designer choose t o leave off th e MC6889 buffers, provi- 
sion to keep the DMA Request input low at the priority 
logic for one additional cycle would be required. This 
would keep the MPU 01, 02 and Bus 02 clocks stretched 
while the DMA address lines reach the high-impedance 
mode. However, this would result in three cycles of 
MPU time for each TSC steal operation. 
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MC6801/MC6803 PORT EXPANSION 

The I/O capabilities of the MC6801/03 can be easily 
expanded. In effect, the number of I/O ports available can 
be increased to accomodate user needs with simple 
designs utilizing relatively inexpensive parts. 

This application note describes several methods of port 
expansion. 

MC6801/03 EXPANDED MULTIPLEXED 
MODE PORT EXPANSION 

Figure 1 illustrates several methods for increasing the 
I/O capability of the MC6801/03 in the expanded 
multiplexed modes." All these methods utilize ICs 
interfaced to the data bus. 

Figure 1 a shows a means of using the SN74LS374 as a 
latched input port. A strobe from a remote peripheral or 
MPU is used to latch data into the LS374. The 
MC6801 /03 can read the latched contents of the LS374 
by pulling O.E. low utilizing E-l/O Select as shown. When 
not selected the LS374 is held in a high-impedance state, 
thus eliminating data bus contention. 

The SN74LS374 can also be used as a latched output 
port, as shown in Figure 1 b. Data from the MC6801 /03 is 
latched into the LS374 on the falling edge of E when I/O 
Select is high. Latched data can be continuo usly 
presented to the remote peripheral or MPU by tying O.E. 
low, as shown, or can be gated by the remote p eriph eral 
by an appropriate "I/O Select" logic control of O.E. 

An unlatched input port can be designed using a 
SN74LS244, as shown in Figure 1 c. The octal three-state 
buffer presents data to the data bus with E-l/O Select and 
is particularly suited for MPU read of switches using 
polling. Once again, when not "selected," this peripheral 
is held in a high-impedance state, thus eliminating bus 
contention on the data bus. 

A more straightforward approach to port expansion is 
illustrated in Figure 1d. Here an MC6821 is used to yield a 
net gain of two handshaking bidirectional ports. The 
MC6801/03 is compatible with all 6800 family 
peripherals, including the MC6821. Programming, 
pinout, and interface information for the MC6821 is 
provided in its data sheet, readily available from Motorola 
field offices and distributors. 



The MC6803 is limited to expanded multiplexed (modes 
2 and 3) operation. 



MC6801/03 SCI PORT EXPANSION 

Port expansion is possible using the MC6801/03 SCI 
(Serial Communications Interface) operated in the 
standard NRZ format. This format consists of a start bit 
(low), eight data bits, and one stop bit (high). When no data 
is being sent the line is held high, indicating an idle line. 

All the SCI port expansion schemes described in this 
application note utilize the SCI clock brought out 
externally from the MC6801/03 as provided by a 
software option. 



SCI PORT OUTPUT EXPANSION 

Figure 2 shows a means of expanding the SCI to 1 6 sets 
of 4-bit nibbles yielding 64 I/O output lines. 

The key element of this circuit is the start-bit 
recognition system. The serial bit stream is inverted 
before reaching the SN74LS164 serial-in, parallel-out 
shift register. An idle line, therefore, loads the shift 
register and the two LS74's (U2, U3) with zeros. The_ 
SN74LS154 decoder is consequently disabled with E 
high, keeping its outputs high. During this time no 
clocking is provided to the SN74LS175's, and their data 
outputs are unchanged. 

Data transmitted out of the SCI is preceded by a start bit. 
This low start bit is inverted and clocked through the 
LS1 64 and the LS74's as a high. One-half clock time after 
the start bit is clocked into F/F U2, it is clocked into F/F 
U3. At this time the eight SCI data bits are in the LS1 64. 
The LS 1 54 is enabled and decodes the four SLB's of the 
data (transmitted first). The four MSB's of the SCI data 
byte are I/O output data and are tied to all LSI 75's with 
appropriate buffering. 

Decoding by the LS154 clocks the addressed 175, 
latching in the data. 

One-half SC\ clock time later, the LS164 is cleared by 
driving the MR pin low. F/F U2 is also cleared. The system 
is now ready for another SCI data byte. If no more data is 
transmitted, 1 s are transmitted indicating an idle line and 
output data remains unchanged. 

Figure 3 illustrates a scheme for expanding the SCI port 
to an 8-bit output port. 
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FIGURE 1 - MC6801/MC6803 Expanded Multiplexed Mode Port Expansion 
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FIGURE 3 — SCI Latched Port Expansion 



Once again, the SCI bit stream is inverted and an idle 
line clocks zeros (lows) into the LS1 64 and LS74's. In this 
jdle state the SN74LS377 octal "D" F/F is disabled with 
E high so no new data can be latched in, and the MR pin of 
the LS1 64 is held high, enabling clocking of serial input 
data. 

When SCI data is transmitted the start bit is inverted 
and clocked through the LSI 64 as a one (high). When the 
start bit is clocked into the first F/F (U3), the LS377 is 
enabled. One-half SCI clock time later, the eight data bits 
in the LSI 64 are latched into the LS377. At the same time 
the start bit is clocked into the second F/F (U4) and its Q 
output, with appropriate propagation delay, goes low, 
pulling LS1 64 MR low, thus resetting it to all zeros. At this 
time the system is ready for a new SCI data byte. If the SCI 
line goes idle (no new SCI data bytes), the LS377 output 
remains unchanged. 

The output of the LS377 is inverted. Non-inverted 
outputs can be effected by simply complementing data for 
MC6801/03 SCI transmission, using the appropriate 
"complement" op code. 



SCI PORT INPUT EXPANSION 

Figure 4 illustrates a parallel-to-serial interface, 
designed to input keyboard ASCII characters and clock the 
data serially into the MC6801 /03 SCI port. 

The SN74LS165 "serial in" line is tied high so that 
during an idle period (no keyboard data) 1's are clocked 
through the LS1 65 and F/F U4 into the SCI. The SCI thus 
sees an idle line. F/F U1 and F/F U2 are cleared at this 
time. 

When a key is punched the keyboard strobe clocks a 
high into F/F U1 . This high is clocked into F/F U2 on the 
falling edge of the SCI clock. When the SCI clock next goes 
high, F/FU1 and F/FU4 are cleared and LS1 65 (U3) pTL 
is driven low, latching the keyboard data. The output of 
F/F U4, a low, is the start bit. U2 is driven low on the next 
high-to-low SCI clock transition. 

Data is now clocked into the SCI by the SCI clock. Ones 
(highs) are clocked intothe SCI afterthe eight data bits are 
clocked in, indicating an idle line. At this time the 
interface is ready for more data. 

Care must be taken to insure that "repeat" characters 
are not sent by the keyboard while characters are being 
clocked into the SCI. 



MC6801 PORT 3 OUTPUT 
EXPANSION WITH HANDSHAKING 

Port 3 of the MC6801 operated in the single chip mode 
can be easily expanded using SN74LS377 octal D flip- 
flops. Figure 5 illustrates one method of expanding port 3 
to two 8-bit output ports with handshaking. 



The "D" inputs of each LS377 are tied to port 3. Port 4 
bit (P40) is used to select one of the LS377s and deselect 
the other by controlling the respective E inputs. 

When data is written to pert 3, the port 3 strobe (0S3) 
clocks both LS377's. Only the selected LS377, however, 
will latch in the data. Nand gates are used to generate the 
appropriate strobe, 0S3A or 0S3B. 

Further expansion is possible using two or more port 4 
outputs for LS377 selection. Software initialization must 
include setting bit 4 in the Port 3 Control/Status register 
(SOF), so that the 0S3 strobe is generated by a write to 
port 3. 

MC6801 PORT 3 INPUT 
EXPANSION WITH HANDSHAKING 

Input expansion of port 3 is illustrated in Figure 6 with 
the MC6801 operated in the single chip mode. 
. Initially, F/F U3 and U4 are set. When data is strobed 
into one of the LS374's, one of the LS74 flip-flops is also 
strobed, cloc king its Q output low. When either LS374 is 
strobed, the IS3 pin of the MC6801 is driven low, setting 
the IS3 flag in the Port 3 Control/Status Register. Setting 
the IS3 IRQ1 Enable bit in the Port 3 Control/Status 
Register enables the IS3 flag to generate an IRQ1 
interrupt, vectoring the MPU to a routine for servicing 
port 3. 

When data is strobed into port A, F/F U4 is clocked and 
its Q output goes low, enabling the output of U1 and 
making the output of U2 high impedance. When data is 
strobed into port B the Q output of F/FU4 remains high, 
enabling the output of U2 and making the output of U1 a 
high impedance. The Q output of F/FU4 is also tied to port 
4 bit 0, programmed as an I/O input. 

The MC6801 software responds to the IS3 flag by 
polling port 4 bit to determine which port has data. The 
software then reads port 3 data, thus generating an 0S3 
strobe which sets F/F U3 and U4. The system is now 
ready for new data. 

Software initilization must include initializing the Port 3 
Control/Status Register ($0F). The IS3 interrupt enable 
bit (bit 6) may be set if desired. The Output Strobe Select 
bit (bit 4), cleared during reset, must remain cleared so 
that the 0S3 strobe is generated by an MPU read of port 3. 
The latch enable bit (bit 3), also cleared during reset, must 
remain cleared so the port 3 latches remain transparent. 
Port 3 latching is external in this circuit. 

Initialization should also include a read of port 3 to set 
F/F U3 and U4. 

Measures must be taken to insure that data is not 
strobed into one port while data in another port is being 
processed. One approach is to inhibit peripheral writes to 
the port while the output of U5 is low, indicating that port 
3 servicing is in progress. Further arbitration logic must 
be included if the possibility exists of data being strobed 
into both ports simultaneously. 
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FIGURE 4 — SCI Keyboard Interface 
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An efficient low-cost terminal is now possible using an 
MC6801 Microcomputer, an MC6847 Video Display 
Generator (VDG), an MC1372 RF Modulator, and a televi- 
sion set. 

The MC6801 is well suited for application as a terminal 
controller. Its four ports, on-chip programmable timer, 
ROM, RAM, and SCI (Serial Communications Interface) 
comprise all the essentials for controlling a terminal. 

The four ports allow for easy keyboard and mode-select 
switch interface while still retaining full 64K byte address 
capability. The programmable timer is well-suited for cursor 
and bell timing, and the SCI needs only RS-232 interface buf- 
fers for use by the terminal. The on-board ROM is 2 K bytes, 
allowing plenty of "software room" beyond the 500 bytes 
necessary for basic terminal operation. The on-chip RAM is 
128 bytes, suitable for program stack and scratch-pad 
memory. 

The MC6847 VDG and the MC1372 RF Modulator make 
possible the use of a conventional, unmodified television as a 
monitor. The MCI 372 interfaces directly with the television 
75 ohm antenna terminals. 

These Motorola devices form the nucleus of the terminal 
described in this application note. The terminal uses a total 
of only 15 devices. This number can be reduced to 13 by us- 
ing transistors for the RS-232 interface. 



DESCRIPTION 

The terminal provides the user with the choice of two data 
formats: Industry Standard Mark/Space (NRZ)* and Bi- 
phase. As shown in Figure 1, each format consists of a start 
bit (low), eight data bits, and one stop bit (high). 



•Non-Return to Zero 



Most users prefer the NRZ format which is a universal 
standard. The Bi-phase format, however, has advantages 
that will be useful in many applications; it is more immune to 
noise and can tolerate a bit-rate drift of up to 25%. 

Four Baud rates per MPU operating frequency are soft- 
ware selectable, as shown in Figure 2. Baud rates not listed 
can be generated by selecting a crystal to give the desired 
Baud rate or by using an external clock to drive the SCI, an 
MC6801 option. 

Baud rate, format, and SCI clock source options are con- 
trolled by the Rate and Mode Control Register in the 
MC6801, as shown in Figure 2. For simplicity, user control 
of this register is determined by a set of four DIP switches 
(S0-S3) which are set by the user in the same format as called 
for by the register. Other options, paging or scrolling and full 
or half duplex, are also selected by DIP switches (S4-S5). 
These switches are continually polled by software and can be 
changed "on the fly." 

The terminal recognizes most widely-used control 
characters, including: 

Line Feed (LF) 

Carriage Return (CR) 

Backspace (BS) 

Bell (BEL) 

Clear Screen (SUB) 

Cursor Forward (FF) 

Cursor Up (VT) 
The cursor blinks and is non-destructive; that is, it can be 
moved over any displayed character without changing the 
character. The cursor will simply blink over the character, 
with the character appearing each time the cursor is "off." 

The display format is controlled by the MC6847 VDG 
which displays a complement of 64 6-bit ASCII characters in 
a 32 (across) by 16 (down) format. 
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ASSEMBLY OF THE TERMINAL 

The MC6801 can be configured to operate in three basic 
modes: single chip mode (single chip microcomputer), ex- 
panded non-multiplexed mode (256 byte external address 
capability), and expanded multiplexed mode (64K byte exter- 
nal address capability). Several expanded multiplexed modes 
give the user choices of combinations of on-chip or external 
RAM, ROM, and interrupt vectors. Table 1 shows a sum- 
mary of these operating modes. 

The terminal presented in this article uses an MC6801 
operated in Mode 2. This mode configures the MCU for 128 
bytes of on-chip RAM, external ROM, external interrupt 
vectors, and uses an MCM2708 EPROM for easy software 
development. Fully developed software can be "masked" in- 
to the MC6801 on-chip ROM. The MCU can then be 
operated in expanded multiplexed Mode 6, which uses the 
on-chip ROM and RAM, with only an MC6801 mode select 
design change. As an alternative, the MC68701, with its on- 
chip 2K EPROM, can be used for development. An MC6803 
can be used instead of an MC6801 in terminals using an ex- 
ternal EPROM or ROM. 

The MC6801 has four ports. In the expanded multiplexed 
modes, Port 1 is used for general I/O, Port 2 for mode selec- 
tion and SCI/Timer I/O or for general I/O, Port 3 for 
multiplexed data and lower order addresses (AG7D0-A7/D7), 
and Port 4 for higher order addresses (A8-A15). 

Port 2 has only five pins associated with it, as shown in the 
schematic of Figure 3. Pins 8 (P20), 9 (P21), and 10 (P22) o f 
Port 2 are dual purpose pins. On the rising edge of RESET, 
the MC6801 latches the logical state of these pins as the up- 
per three bits of the Port 2 register. These are read-only bits, 
and have no pins directly associated with them. They are the 
"mode control" bits and their states determine the operating 
mode of the MCU. The mode select voltages are applied to 
pins 8, 9, and 10 through pull-up resistors so that immediate- 
ly after RESET, pin 8 can be used for the Timer input, pin 9 
for the Timer output, and pin 10 for the SCI clock input (if 
used). 

Pins 1 1 and 12 of Port 2 are used by the SCI. MC1488 and 
MC1489 line drivers are used as the RS-232 interface. The 
onboard SCI controls all serial communications, serving the 
function of a UART. 



Seven pins of I/O Port 1 are used for keyboard ASCII in- 
put. The Timer is used to latch the keyboard strobe. 

The keyboard must generate a strobe at least 2 MCU cycles 
in duration with each keyboard entry. This strobe is tied to 
pin 10, the Timer input. An input edge detector tied to this 
pin sets a flag (Input Capture Flag) in the MCU Timer Con- 
trol/Status Register each time a key is depressed. The soft- 
ware polls this flag for keyboard servicing. 

A simple bell circuitry using two NAND gates is used to 
generate a 4 kHz tone. Software gates the bell using the MCU 
Timer output, pin 9. 

The terminal operating mode switches are read through an 
MC74LS244 octal three-state driver at address $3800. A sim- 
ple switch and pull-up arrangement is used for mode selec- 
tion. 

The display circuitry consists of the MC6847 Video 
Display Generator, the MC1372 Modulator, two MCM2114 
RAMs, and associated circuitry. The VDG is operated in the 
Alphanumeric Internal mode to display characters in a 32 
(across) by 16 (down) format and in the Semigraphics 4 mode 
to display the cursor. Both interlaced (MC6847Y) and non- 
interlaced (MC6847) versions of the VDG are available. 

The VDG is clocked by the MC1372 at a 3.58 MHz color- 
burst frequency. It reads data sequentially from display 
RAM and, in this terminal, uses an on-chip character 
generator to produce the alphanumeric displays. Two 
MCM21 14s are used as the display RAM. Only 512 bytes of 
display RAM are needed for the Alphanumeric and 
Semigraphic 4 modes, so only nine VDG address lines are us- 
ed. A tenth address line (A9), held high by the VDG, is con- 
nected to the MCM21 14s to ensure proper address decoding. 

The MCU also has access to the display RAM in order to 
change displayed characters. To avoid contention for the 
display RAM the MS pin of the VDG is pulled low whenever 
the MCU accesses the RAM, forcing the VDG address port 
to a high impedance. To avoid a noisy display during MCU 
writes to the RAM, the MCU reads the state of HS, which 
goes low during horizontal retrace, through Port 1 bit 7 
(pin 20). The MCU will write to the display RAM only dur- 
ing horizontal retrace when HS is low. 



Table 1. Operating Mode Summary 
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Legend: 

I — Internal 

E - External 

Mux - Multiplexed 



NMUX - Non-Multiplexed 
L - Logic "0" 
H - Logic "1" 
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The VDG outputs chrominance (4>A, <t>B, Y) and chroma 
bias (CHB) to the MC1372 Modulator which generates com- 
posite video for the television. The Modulator is clocked by a 
3.58 MHz crystal and its TTL compatible clock output 
(pin 1) is used to drive the VDG. 

CI is used to adjust the clock frequency; Rl is used to ad- 
just the clock duty cycle. 

SOFTWARE 

The software initializes the MC6801, services characters 
from the RS-232 communication link and from the 
keyboard, controls character display, and controls the bell. 

INITIALIZATION 

The software first configures Port 1, used to read the 
keyboard, as a data input port by clearing the Port 1 Data 
Direction Register. It then clears the Timer Control/ Status 
Register. This disables all Timer interrupts and programs the 
Timer Input Capture Flag to become set whenever a high-to- 
low transition is applied to the Timer input pin. This pin is 
tied to the keyboard strobe. 

The software then enables the SCI transmitter and receiver 
and programs Port 2 for Timer and SCI I/O. It then reads 
the terminal mode switches and jumps to subroutine 
CHGWO, which loads the mode word into STATWO, a 
scratch-pad register, for later comparison. 

The display RAM consists of 512 bytes located in ad- 
dresses $2000 through $2 IFF. For scrolling purposes the soft- 
ware loads display RAM locations $2200 through $2220 with 
ASCII "blanks." It then jumps to subroutine BLANK, 
which clears the screen, then loads the index register with 
$2000. The index register is used as a screen pointer and 
$2000 is the first screen location. 

MAIN PROGRAM 

The main program is essentially a loop which writes the 
cursor, branches to subroutine TIMER which controls the 
terminal, erases the cursor, then branches back to TIMER. 

Since the terminal interprets only 6-bit ASCII, data bit 
seven in the display RAM is left free for use as a VDG con- 
trol bit and is used by this terminal to control S/A for 
displaying the cursor. When S/A is low the VDG is in the 
Alphanumeric Internal mode and will display ASCII 
characters. When S/A is high the VDG is in the Semigraphics 
4 mode and will display a color block in one of eight colors. 
The software used in this terminal selects a green cursor by 
writing $80 into the display RAM location pointed to by the 
index register. 

Subroutine TIMER first checks for changes in the terminal 
operating mode by jumping to subroutine CHKSTA. 
CHKSTA reads the switches and compares their settings to 
the last setting stored in register STATWO. If switch selec- 
tions have changed, CHKSTA will load a new value into 
STATWO and reprogram the SCI. Otherwise, TIMER con- 
tinues by loading register TEMPX with a value ($7FF) which 
controls cursor duration. This value will be decremented to 
zero at which time the cursor will be removed. With each 
decrement the keyboard and SCI are serviced by subroutines 
CHKC and SERRX. 



The cursor is removed by replacing it with the contents of 
SAVCHR, a register that stores the character in the location 
pointed to by the index register (screen pointer). TIMER is 
used once again to provide delay. 

Subroutine CHKC services the keyboard by first checking 
the Timer Input Capture Flag for the presence of a keyboard 
strobe. If the flag is not set, the program returns to 
subroutine TIMER. If the flag is set, CHKC clears the flag 
and transmits the keyboard character out of the serial port. 
CHKC then reads STATWO and tests for full duplex selec- 
tion. If the mode is half duplex, the character is displayed by 
subroutine DISPL. If the mode is full duplex, no character is 
displayed at this time but will be displayed by subroutine 
SERRX, which services the SCI. 

CHKC then jumps to subroutine ENDSCN to test for end 
of screen and pages or scrolls if necessary according to the 
user mode selection. 

Subroutine SERRX services SCI input characters by 
testing the Receiver Data Register Full flag in the 
Transmit/Receive Control and Status Register. If no 
character is present, the program returns to TIMER. If a 
character is present, it is displayed by DISPL. The program 
then jumps to ENDSCN to test for end of screen, then 
returns to TIMER. 

Figure 4, the program flowchart, offers a detailed outline 
of the program. Figure 5 contains the program listing. 

FURTHER DEVELOPMENT OF THE TERMINAL 

The terminal can be further developed to meet many user 
requirements with few hardware and software changes. Two 
improvements are particularly worth considering: interrupt 
drive and graphics capability. 

INTERRUPT DRIVEN TERMINAL 

A completely interrupt-driven terminal is possible with 
very few changes in the software. Polling of the Timer Input 
Capture Flag is used to detect the presence of keyboard 
characters. Polling of the SCI Receiver Data Register Full 
Flag is used to detect the presence of characters received 
from the serial link. The MC6801 can be programmed to 
generate a vectored interrupt when each of these flags is set, 
eliminating the need for polling. 

The input capture interrupt is enabled by setting bit 4 in 
the Timer Control and Status Register. The vector for this in- 
terrupt is at $FFF6. The SCI interrupt is enabled by setting 
bit 4 in the Transmit/Receive Control and Status Register. 
This interrupt vector is at $FFF0. 

Polling of the mode-select switches can be eliminated by 
reading the switches once during initialization. 

COLOR GRAPHICS 

The capability for graphics is designed into the VDG. All 
that is needed is an addressable latch to control the VDG 
mode pins, more display RAM, and software development. 

Table 2 contains a detailed description of the VDG 
operating modes. The column labeled "VDG PINS" lists all 
the VDG mode control pins. The terminal presented in this 
article operates only in the Alphanumeric Internal (internal 
character generator) and Semigraphics 4 modes. Therefore, 
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only the pins labeled S/A and MS are used, with the other 
control pins tied to ground. By tying these unused pins to an 
addressable latch under software control the terminal can be 
placed in the graphics modes, and the alphanumeric displays 
can be inverted. 

The column labeled "COMMENTS" gives a description 
of each mode. Of particular importance in these descriptions 
is the RAM necessary for each of these modes. As the display 
density increases (color control of smaller areas), the RAM 
required increases. The densest modes (Color Graphics Six 
and Resolution Graphics Six) require 6 K bytes of RAM. 

Data in the display RAM controls the display. In the 
alphanumeric modes the data is interpreted by the VDG as 
six-bit ASCII code. In the graphics modes the data controls 



the color of each display element . The VDG can display up to 
eight colors, excluding black. However, the number of colors 
selectable varies according to the mode of operation as 
described in Table 2. 

The VDG operating modes can be changed "on the fly" if 
the mode is changed during HS on the proper line count. 
Therefore, displays combining graphics and alphanumerics 
are relatively easy. A screen line counter, an addressable 
latch for VDG mode control, and software are all that is re- 
quired. 

Software for displaying charts and graphs have already 
been written for demonstration purposes by Motorola, and 
"3D" graphics (displays in perspective) are being developed. 
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Stack PTR 


_J 


! 


Program 
Timer 


1 


r 


Program 
Serial 
I/O 






Initialize 
Port 2 DDR 


s 




Store Mode 
In STATWO 


\ 




Blank Line 
Below ENSCN 






Clear Screen, 
Home Cursor 


1 





^Main Program^ 



Figure 4. Program Flowchart 
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Figure 4. Program Flowchart (Continued) 
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Figure 4. Program Flowchart (Continued) 
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Figure 4. Program Flowchart (Continued) 
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Figure 4. Program Flowchart (Continued) 
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Figure 4. Program Flowchart (Continued) 
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figure 4. Program Flowchart (Continued) 
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Figure 4. Program Flowchart (Concluded) 
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PAGE 001 


DMBTRM 










00001 










*THIS PROG DISPLAYS AND XMITS KYBD CHAR, 


00002 










♦RECEIVES AND DISPLAYS 


SER INPUT CHAR, 


00003 










♦SCROLLS, BLINKS CURSOR, LINEFEEDS, MOVES 


00004 










♦CURSOR FWD, 


BACKSPACES CURSOR, MOVES CURSOR UP, 


00005 










♦CARRIAGE RETURNS, GIVES USER CHOICE OF FOUR 


00006 










♦SERIAL I/O 


FORMATS AND A CHOICE OF HALF OR 


00007 










♦FULL DUPLEX 


, RINGS BELL, GIVES 


00008 










♦USER CHOICE 


OF SCROLLING OR PAGING 


00009 










♦A. J. MORALES 


MAR2,7 9 




00011 










OPT 


Z01 




00012 










NAM 


DMBTRM 




00013A 


FC00 








ORG 


SFC00 




00014 






OOFF 


A 


SAVCHR EQU 


$00FF 


STORF CHAR IINDFR CURSOR 


00015 






OOFE 


A 


STATWO EQU 


$00FE 


STORES TERMINAL OPERATION MODE 


00016 






OOFC 


A 


TEMPX EQU 


$00FC 


X-RFfiTSTPR SCRATCH PAD 


00017 






OOFA 


A 


TEMPX2 EQU 


S00FA 




00018 






1800 


A 


SWITCH EQU 


$1800 




00019 






00F7 


A 


STACK EQU 


$00F7 




00021 










****** INITIALIZE"" ♦♦ 




00023A 


FCOO 


8E 


00F7 


A 


LDS 


#STACK 




00024A 


FC0 3 


86 


00 


A 


LDAA 


#$00 




00025A 


FC05 


97 


00 


A 


STAA 


$00 


PORT 1 READ 


00026A 


FC07 


97 


08 


A 


STAA 


$08 


PROGRAM PTM 


00027A 


FC09 


86 


OA 


A 


LDAA 


#$0A 




00028A 


FCOB 


97 


11 


A 


STAA 


$11 


ENABLE SER TX,RX 


00029A 


FCOD 


86 


12 


A 


LDAA 


#$12 




00030A 


FCOF 


97 


01 


A 


STAA 


$01 


PORT 2 DDR 


00031A 


FC11 


B6 


1800 


A 


LDAA 


SWITCH 


CHECK SWITCH STATUS 


00032A 


FC14 


BD 


FD18 


A 


JSR 


CHGWO 


LOAD TERM. MODE IN STATWO 


00033 










*LINE AFTER 


EDNDSCRN IS 


BLANKED FOR SCROLL PURPOSES 


nnn34A 


FC17 


CE 


2200 


A 


LDX 


#$2200 




00035A 


FC1A 


86 


20 


A 


LDAA 


#$20 


ASCII BLANK 


00 36A 


FC1C 


97 


FF 


A 


STAA 


SAVCHR 




00037A 


FC1E 


A7 


00 


A 


FILL STAA 


0,X 




00038A 


FC20 


08 






I NX 






00039A 


FC21 


8C 


2220 


A 


CPX 


#$2220 




00040A 


FC24 


26 


F8 FC1E 


BNE 


FILL 




00041A 


FC26 


8D 


48 FC70 


BSR 


BLANK 




00043 










******* MAIN 


PROGRAM* ******* 


00045 










*WRITE CURSOR 




00046A 


FC28 


86 


80 


A 


WRITEC LDAA 


#$80 




00047A 


FC2A 


A7 


00 


A 


STAA 


0,X 




00048A 


FC2C 


8D 
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TIMER 
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♦ERASE CURSOR 




00050A 


FC2E 


96 


FF 


A 
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A 
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FC32 


8D 
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00053A 


FC34 


20 
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BRA 
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♦TIMER ROUTINE PROVIDES 


TIMING FOR CURSOR BLINK , 


00055 










♦CHECKS FOR 
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♦CHECKS FOR 


OPERATOR CHANGES OF STATUS. 


00057A 
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BD 
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A 


TIMER JSR 


CHKSTA 
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00058A 


FC39 


3C 






PSHX 







Figure 5. Program Listing 
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DMBTRM 



00059A 


FC3A 


CE 


07FF A 




LDX 


# $07FF 


TIMER DELAY PARAMETER 


A A A c a * 

U Uu b UA 


FC3D 


2 


0E 


FC4D 


MORE 


BRA 


CHKC 


LHLLK rUR INPUI r KUM RidU 


A A A C 1 X 

UUo 1 A 


FC3 F 


DF 


FC 


A 


CONT 


STX 


TEMPX 




r\ A A ^ A » 

00062A 


FC41 


38 








PULX 






U UUb Jft 


FC4 2 


BD 


FD03 A 




JSR 


SERRX 


CHECK rUR bLRIAL INPUT 


00064A 


FC4 5 


3C 








PSHX 






t\ f\ f\ C C 7l 

00065A 


FC46 


DE 


FC 


A 




LDX 


TEMPX 




0066A 


FC48 


09 








DEX 






0067A 


FC49 


26 


F2 


FC3D 




BNE 


MORE 


FINISHED IlMlNCjr 


0068A 


FC4B 


38 








PULX 






00069A 


FC4C 


39 








RTS 






0070 










*CHECK 


FOR INPUT FROM 


KYBD 


00071A 


FC4D 


96 


08 


A 


CHKC 


LDAA 


$08 


TEST FOR STROBE VIA ICF ON PTM 


00072A 


FC4F 


2B 


02 


FC53 




BMI 


YESC 




00073A 


FC51 


20 


EC 


FC3F 




BRA 


CONT 


CONTINUE TIMER ROUTINE 


00074 










*THIS 


ROUTINE 


SERVICES 


CHAR FROM KYBD 


00075A 


FC5 3 


38 






YESC 


PULX 






00076A 


FC54 


96 


0D 


A 




LDAA 


SOD 


RESET ICF 


00077A 


FC56 


96 


02 


A 




LDAA 


$02 


KYBD ASCII 


00078A 


FC58 


97 


13 


A 




STAA 


$13 




0079A 


FC5A 


D6 


FE 


A 




LDAB 


STATWO 




0080A 


FC5C 


C4 


10 


A 




ANDB 


#$10 




00081A 


FC5E 


27 


03 


FC6 3 




BEQ 


FULLD 


TEST FOR FULL DUPLEX 


00082A 


FC60 


BD 


FD1D A 




JSR 


DISPL 




0083A 


FC63 


8D 


02 


FC67 


FOLLD 


BSR 


ENDSCN 




00084A 


FC6 5 


20 


CF 


FC36 




BRA 


TIMER 




00085 










*TEST 


FOR LAST SCREEN 


LOC AND MAKE SCROLL DECISION 


00086A 


FC67 


8C 


2200 A 


ENDSCN 


CPX 


#$2200 


LAST SCRN LOC FILLED? 


00087A 


FC6A 


27 


01 


FC6D 




BEQ 


SCROL2 




00088A 


FC6C 


39 








RTS 






00089A 


FC6D 


8D 


71 


FCEO 


SCROL2 


BSR 


SCROLL 




00090A 


FC6F 


39 








RTS 






00091 










*THIS 


ROUTINE 


BLANKS ENTIRE SCREEN 


00092 










*AND SERVICES 


INCOMING 


SERIAL CHAR 


00093 










*DURING THE ROUTINE 




0094A 


FC70 


86 


20 


A 


BLANK 


LDAA 


#$20 




00095A 


FC72 


97 


FF 


A 




STAA 


SAVCHR 




00096A 


FC74 


CE 


2000 A 




LDX 


#$2000 




00097A 


FC77 


DF 


FC 


A 




STX 


TEMPX 




00098A 


FC79 


A7 


00 


A 


MORSCR 


STAA 


0,X 




00099A 


FC7B 


08 








INX 






00100A 


FC7C 


8C 


2200 A 




CPX 


#$2200 


END OF SCREEN? 


00101A 


FC7F 


26 


07 


FC88 




BNE 


SERTST 


CHECK FOR INPUT SER CHAR 


00102A 


FC81 


DE 


FC 


A 




LDX 


TEMPX 




00103A 


FC83 


A6 


00 


A 




LDAA 


0,X 




00104A 


FC8 5 


97 


FF 


A 




STAA 


SAVCHR 




00105A 


FC87 


39 








RTS 






00106A 


FC88 


D6 


11 


A 


SERTST 


LDAB 


$11 




00107A 


FC8A 


2A 


ED 


FC79 




BPL 


MORSCR 


MORE BLNKING IF NO SER CHAR 


U U 1 U A 


FC8C 


3C 








PSHX 






00109A 


FC8D 


DE 


FC 


A 




LDX 


TEMPX 




00110A 


FC8F 


D6 


12 


A 




LDAB 


$12 




00111A 


FC91 


C4 


7F 


A 




ANDB 


#$7F 




00112A 


FC93 


37 








PSHB 






00113A 


FC94 


C4 


60 


A 




ANDB 


#$60 




00114A 


FC96 


27 


09 


FCA1 




BEQ 


CONTRL 


BRA IF CONTROL CHAR 


00115A 


FC98 


33 








PULB 






00116A 


FC99 


E7 


00 


A 




STAB 


0,X 





Figure 5. Program Listing (Continued) 
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DMBTRM 



00117A 


FC9B 


08 








INX 




00118A 


FC9C 


DF 


FC 


A 




STX 


TEMPX 


00119A 


FC9E 


38 








PULX 




00120A 


FC9F 


20 


D8 


FC79 




BRA 


MORSCR 


00121A 


FCA1 


33 






CONTRL 


PULB 




00122A 


FCA2 


CI 


08 


A 




CMPB 


#$08 


00123A 


FCA4 


27 


OF 


FCB5 




BEQ 


BACKS2 


00124A 


FCA6 


CI 


OC 


A 




CMPB 


#$0C 


00125A 


FCA8 


27 


.15 


FCBF 




BEQ 


FWDC2 


00126A 


FCAA 


CI 


OA 


A 




CMPB 


#S0A . 


00127A 


FCAC 


27 


16 


FCC4 




BEQ 


LINEF2 


00128A 


FCAE 


CI 


OD 


A 




CMPB 


#$0D 


00129A 


FCBO 


27 


19 


FCCB 




BEQ 


CARET2 


00130A 


FCB2 


38 






GOBACK 


PULX 




00131A 


FCB3 


20 


C4 


FC79 




BRA 


MORSCR 


00132A 


FCB5 


8C 


20C 


A 


BACKS2 


CPX 


#$2000 


00133A 


FCB8 


27 


F8 


FCB2 




BEQ 


GOBACK 


00134A 


FCBA 


09 








DEX 




00135A 


FCBB 


DF 


FC 


A 




STX 


TEMPX 


00136A 


FCBD 


20 


F3 


FCB2 




BRA 


GOBACK 


00137A 


FCBF 


08 






FWDC2 


INX 




00138A 


FCCO 


DF 


FC 


A 




STX 


TEMPX 


00139A 


FCC2 


20 


EE 


FCB2 




BRA 


GOBACK 


00140A 


FCC4 


C6 


20 


A 


LINEF2 


LDAB 


#$20 


00141A 


FCC6 


3A 








ABX 




00142A 


FCC7 


DF 


FC 


A 




STX 


TEMPX 


00143A 


FCC9 


20 


E7 


FCB2 




BRA 


GOBACK 


00144A 


FCCB 


8C 


2000 A 


CARET2 


CPX 


#$2000 


00145A 


FCCE 


27 


E2 


FCB2 




BEQ 


GOBACK 


00146A 


FCDO 


3C 








PSHX 




00147A 


FCD1 


DF 


FA 


A 




STX 


TEMPX2 


00148A 


FCD3 


DC 


FA 


A 




LDD 


TEMPX2 


00149A 


FCD5 


C4 


IF 


A 




ANDB 


#$1F 


00150A 


FCD7 


26 


03 


FCDC 




BNE 


MASS 


00151A 


FCD9 


38 








PULX 




00152A 


FCDA 


20 


D6 


FCB2 




BRA 


GOBACK 


00153A 


FCDC 


38 






MAS8 


PULX 




00154A 


FCDD 


09 








DEX 




00155A 


FCDE 


20 


EB 


FCCB 




BRA 


CARET2 


00156A 


FCEO 


D6 


FE 


A 


SCROLL 


LDAB 


STATWO 


00157A 


FCE2 


C4 


20 


A 




ANDB 


#$20 


00158A 


FCE4 


27 


8A 


FC7 




BEQ 


BLANK 


00159A 


FCE6 


CE 


20C 


'0 A 




LDX 


#$2000 


00160 










*THE FOLLOWING LOOP 1 


00161 










*SYNCH 


FROM VDG TO M 


00162 










♦DURING WRITE 


TO DIS1 


00163A 


FCE9 


D6 


02 


A 


NOTYET 


LDAB 


$02 


00164A 


FCEB 


C4 


80 


A 




ANDB 


#$80 


00165A 


FCED 


27 


FA 


FCE9 




BEQ 


NOTYET 


00166A 


FCEF 


D6 


02 


A 


SAND4 


LDAB 


$02 


00167A 


FCF1 


C4 


80 


A 




ANDB 


#$80 


00168A 


FCF3 


26 


FA 


FCEF 




BNE 


SAND4 


00169A 


FCF5 


A6 


20 


A 




LDAA 


32,X 


00170A 


FCF7 


A7 


00 


A 




STAA 


o,x 


00171A 


FCF9 


08 








INX 




00172A 


FCFA 


8C 


2200 A 




CPX 


#$2200 


00173A 


FCFD 


26 


EA 


FCE9 




BNE 


NOTYET 


00174A 


FCFF 


CE 


21E0 A 




LDX 


#$21E0 



TEST FOR BACKSPACE 



TEST FOR CURSOR FWD 



TEST FOR LINE FEED 



TEST FOR CARRIAGE RETURN 



PORT1 I/O 
ISOLATE H SYNCH 
WAIT FOR HIGH 



WAIT FOR LOW 



SCRNPTR TO 1ST LOC,LAST LINE 



Figure 5. Program Listing (Continued) 
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00175A 


FD02 


39 






RTS 






00176 










*CHECK FOR SERIAL INPUT 


00177A 


FD0 3 


96 


11 


A 


SERRX LDAA 


Sll 


TX/RX CONTR STATUS REG 


00178A 


FD05 


2B 


01 


FD08 


BMI 


SERDIS 


TEST FOR BIT 7 (ICF) 


00179A 


FD07 


39 






RTS 






00180A 


FD08 


96 


12 


A 


SERDIS LDAA 


$12 


RECEIVER REGISTER 


00181A 


FDOA 


8D 


11 


FD1D 


BSR 


DISPL 




00182A 


FDOC 


BD 


FC67 A 


JSR 


ENDSCN 




00183A 


FDOF 


39 






RTS 






00184 










*HERE STATUS 


SWITCHES 


ARE CHECKED. CALLING ADDR 


00185 










*$3800 SELECTS NO MEMORY. STATUS SWITCHES 


00186 










*ARE READ VIA 


LS244 LATCH 


00187A 


FD10 


B6 


1800 A 


CHKSTA LDAA 


SWITCH 




00188A 


FD13 


91 


FE 


A 


CMPA 


STATWO 


HAVE SWITCHES CHANGED? 


00189A 


FD15 


26 


01 


FD18 


BNE 


CHGWO 




00190A 


FD17 


39 






RTS 






00191 










♦CHANGE CONTROL WORD 


IN STATWO 


00192A 


FD18 


97 


FE 


A 


CHGWO STAA 


STATWO 




00193A 


FD1A 


97 


10 


A 


STAA 


$10 


SERIAL MODE CONTROL REG 


00194A 


FD1C 


39 






RTS 






00195 










*THE DISPLAY 


ROUTINE 


FIRST CHECKS FOR CONTRL 


00196 










*CHAR. IF CONTRL CHAR, CHAR IS TESTED FOR 


00197 










♦ACTION; OTHERWISE CHAR IS DISPLAYED. 


00198A 


FD1D 


84 


7F 


A 


DISPL AN DA 


#$7F 




00199A 


FD1F 


36 






PS HA 






00200A 


FD20 


84 


60 


A 


AN DA 


#$60 




00201A 


FD22 


27 


12 


FD36 


BEQ 


CNTRLC 


TEST FOR CONTROL CHAR 


00202A 


FD24 


32 






PULA 






00203 










*WAIT' FOR HORIZONTAL 


SYNCH 


00204A 


FD25 


D6 


02 


A 


SAND2 LDAB 


$02 




00205A 


FD27 


C4 


80 


A 


ANDB 


#$80 




00206A 


FD29 


27 


FA 


FD25 


BEQ 


SAND2 




00207A 


FD2B 


D6 


02 


A 


SAND3 LDAB 


$02 




00208A 


FD2D 


C4 


80 


A 


ANDB 


#$80 




00209A 


FD2F 


26 


FA 


FD2B 


BNE 


SAND3 




00210A 


FD31 


A7 


00 


A 


STAA 


0,X 




00211A 


FD33 


08 






INX 






00212A 


FD34 


20 


4C 


FD82 


BRA 


SAND1 




00213 










*THE FOLLOWING ROUTINE DECODES CONTROL CHAR 


00214A 


FD3 6 


32 






CNTRLC PULA 






00215A 


FD37 


81 


OA 


A 


CMPA 


#$0A 


TEST FOR LINE FEED 


00216A 


FD39 


27 


27 


FD62 


BEQ 


LINEF 




00217A 


FD3B 


81 


OD 


A 


CMPA 


#$0D 


TEST FOR CARRIAGE RETURN 


00218A 


FD3D 


27 


3A 


FD79 


BEQ 


CARRET 




00219A 


FD3F 


81 


08 


A 


CMPA 


#$08 


TEST FOR BACKSPACE 


00220A 


FD41 


27 


5C 


FD9F 


BEQ 


BACKSP 




00221A 


FD4 3 


81 


07 


A 


CMPA 


#$07 


TEST FOR BELL 


00222A 


FD4 5 


26 


07 


FD4E 


BNE 


CLRSCR 




00223A 


FD47 


96 


08 


A 


LDAA 


$08 




00224A 


FD49 


C4 


01 


A 


ANDB 


#$01 




00225A 


FD4B 


27 


5F 


FDAC 


BEQ 


BELL 


IS BELL ALREADY ON? 


00226A 


FD4D 


39 






RTS 






00227A 


FD4E 


81 


1A 


A 


CLRSCR CMPA 


#$1A 


TEST FOR CLEAR SCREEN 


00228A 


FD50 


26 


07 


FD59 


BNE 


MORECH 




00229A 


FD52 


C6 


20 


A 


LDAB 


#$20 




00230A 


FD54 


D7 


FF 


A 


STAB 


SAVCHR 




00231A 


FD56 


7E 


FC70 A 


JMP 


BLANK 




00232A 


FD59 


81 


OC 


A 


MORECH CMPA 


#$0C 


TEST FOR CURSOR FWD 



Figure 5. Program Listing (Continued) 
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0233A 


FD5B 


27 


5B 


FDB8 




BEQ 


FWDC 




U U 2 34A 


FD5D 


81 


0B 


A 




CMPA 


#$0B 


TEbT r UK UP LURbOK 


23 5A 


FD5F 


27 


67 


FDC8 




BEQ 


Tin /TTT"I 
UPLUK 




U U 2 J oA 


FD61 


39 








RTS 




DErAULl BACK 


0237A 


FD62 


D6 


FF 


A 


LINEF 


LDAB 


SAVCHR 




n a 1 1 o * 

0238A 


FD64 


E7 


00 


A 




STAB 


j X 




n /\ 1 1 f\ ■» 

00239A 


FD66 


C6 


20 


A 




LDAB 


#520 




00240A 


FD68 


3A 








ABX 




INCREMENT SCRNPTR 1 LINE 


00241A 


FD69 


DF 


FC 


A 




STX 


TEMPX 




00242A 


FD6B 


DC 


FC 


A 




LDD 


TEMPX 




00243A 


FD6D 


81 


22 


A 




CMPA 


#$22 


SCRNPTR OFF SCREEN? 


00244A 


FD6F 


26 


11 


FD82 




BNE 


SAND1 




00245A 


FD71 


8D 


24 


FD97 




BSR 


SCROL1 


IF SCRNPTR OFF SCRN, SCROLL 


00246A 


FD73 


DC 


FC 


A 




LDD 


TEMPX 




00247A 


FD7 5 


C4 


IF 


A 




ANDB 


#$1F 


GET HORIZ POS OF SCRNPTR 


00248A 


FD77 


3A 








ABX 






00249A 


FD78 


39 








RTS 






00250A 


FD79 


D6 


FF 


A 


CARRET 


LDAB 


SAVCHR 




00251A 


FD7B 


E7 


00 


A 




STAB 


0,X 




n n tr o * 
U U 2 b zA 


FD7D 


8C 


2000 A 


MAS5 


CPX 


#$2000 


SCRNPTR ALREADY AT LIMIT? 


00253A 


FD80 


26 


05 


FD87 




BNE 


MAS3 




00254 










*SAND1 


STORES 


CHAR UNDER CURSOR 


00255A 


FD82 


E6 


00 


A 


SAND1 


LDAB 


0,X 




00256A 


FD84 


D7 


FF 


A 




STAB 


SAVCHR 




00257A 


FD86 


39 








RTS 






00258A 


FD87 


3C 






MAS3 


PSHX 






00259A 


FD88 


DF 


FC 


A 




STX 


TEMPX 




00260A 


FD8A 


DC 


FC 


A 




LDD 


TEMPX 




00261A 


FD8C 


C4 


IF 


A 




ANDB 


#$1F 


SCRNPTR AT 1ST LINE LOC? 


0262A 


FD8E 


26 


03 


FD93 




BNE 


MAS 4 




00263A 


FD90 


38 








PULX 






00264A 


FD91 


20 


EF 


FD82 




BRA 


SAND1 




00265A 


FD93 


38 






MAS 4 


PULX 






00266A 


FD94 


09 








DEX 




DECREMENT SCRNPTR 


00267A 


FD95 


20 


E6 


FD7D 




BRA 


MAS 5 


TEST SCRNPTR LOC AGAIN 


00268A 


FD97 


C6 


20 


A 


SCROL1 


LDAB 


#$20 




00269A 


FD99 


D7 


FF 


A 




STAB 


SAVCHR 




00270A 


FD9B 


BD 


FCE0 A 




JSR 


SCROLL 




00271A 


FD9E 


39 








RTS 






00272A 


FD9F 


8C 


2000 A 


BACKSP 


CPX 


#$2000 




00273A 


FDA 2 


26 


01 


FDA5 




BNE 


MAS 2 




00274A 


FDA4 


39 








RTS 






00275A 


FDA 5 


D6 


FF 


A 


MAS 2 


LDAB 


SAVCHR 




00276A 


FDA7 


E7 


00 


A 




STAB 


0,X 




00277A 


FDA9 


09 








DEX 






r\ i r> ii 

27 8A 


FDAA 


20 


D6 


FD82 




BRA 


SAND1 




279A 


FDAC 


86 


01 


A 


BELL 


LDAA 


#$01 




c\ n *i o r\ n 

280A 


FDAE 


97 


08 


A 




STAA 


$08 


SET OLVL HIGH NEXT COMPARE 


0281A 


FDB0 


BD 


FC36 A 




JSR 


TIMER 


PROVIDES BELL DURATION 


a a a a a » 

28 2 A 


FDB3 


86 


00 


A 




LDAA 


#$00 




U U Zo -5 A 


FDB5 


9 7 


08 


A 




STAA 


$08 


SET OLVL LOW NEXT COMPARE 


00284A 


FDB7 


39 








RTS 






00285A 


FDB8 


D6 


FF 


A 


FWDC 


LDAB 


SAVCHR 




00286A 


FDBA 


E7 


00 


A 




STAB 


o,x 




00287A 


FDBC 


8C 


21FF A 




CPX 


#$21FF 


END OF SCREEN? 


00288A 


FDBF 


26 


04 


FDC5 




BNE 


MAS 6 




00289A 


FDC1 


BD 


FCE0 A 




JSR 


SCROLL 




00290A 


FDC4 


09 








DEX 
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00294A FDCA 

00295A FDCC 

00296A FDCE 

00297A FDDO 

00298A FDD3 

00299A FDD5 

00300A FDD7 

00301A FDD8 

00302A FDDA 

00303A FDDC 
00304 
00305 
00306 

00307A FDDE 

00308A FDEO 

00309A FDE2 

00310A FDE5 

00311A FDE7 

00312A FDE9 
00313 

TOTAL ERRORS 



E7 00 
DF FC 
DC FC 
83 0020 
DD FC 
DE FC 
47 

81 10 A 
26 02 FDDE 
20 A4 FD82 



A 
A 
A 
A 
A 
A 



STAB 


,X 


STX 


TEMPX 


LDD 


TEMPX 


SUBD 


#$20 


STD 


TEMPX 


LDX 


TEMPX 


ASRA 




CMPA 


#$10 


BNE 


LIMIT 


BRA 


SAND1 



MOVE SCRNPTR UP 1 LINE 



SCRNPTR OFF SCREEN? 



*LIMIT RESTORES SCRNPTR TO TOP LINE WHEN 
♦ATTEMPT IS MADE TO MOVE CURSOR OFF 
*SCRN VIA UPCUR 



DF FC 
DC FC 
C3 0020 
DD FC 
DE FC 
20 97 FD82 

00000 



LIMIT 



STX 

LDD 

ADDD 

STD 

LDX 

BRA 

END 



TEMPX 

TEMPX 

#$20 

TEMPX 

TEMPX 

SAND1 



FCB5 


RACKS ? 


00123 


00132* 




FD9F 


unv, r 


00220 


00272* 




FDAC 


BELL 


00225 


00279* 




FC70 


BLANK 


00041 


00094*00158 


00231 


FCCB 


CARET2 


00129 


00144*00155 




FD79 


CARRET 


00218 


00250* 




FD18 


CHGWO 


00032 


00189 00192* 




FC4D 


CHKC 


00060 


00071* 




FD10 


CHKSTA 


00057 


00187* 




FD4E 


CLRSCR 


00222 


00227* 




FD36 


CNTRLC 


00201 


00214* 




FC3F 


CONT 


00061*00073 




FCA1 


CONTRL 


00114 


00121* 




FD1D 


DISPL 


00082 


00181 00198* 




FC67 


ENDSCN 


00083 


00086*00182 




FC2E 


ERASEC 


00050* 






FC1E 


FILL 


00037* 


00040 




FC63 


FULLD 


00081 


00083* 




FDB8 


FWDC 


00233 


00285* 




FCBF 


FWDC2 


00125 


00137* 




FCB2 


GOBACK 


00130* 


00133 00136 


00139 


FDDE 


LIMIT 


00302 


00307* 




FD62 


LINEF 


00216 


00237* 




FCC4 


LINEF2 


00127 


00140* 




FDA 5 


MAS 2 


00273 


00275* 




FD8'7 


MAS 3 


00253 


00258* 




FD93 


MAS 4 


00262 


00265* 




FD7D 


MAS 5 


00252* 


00267 




FDC5 


MAS6 


00288 


00291* 




FCDC 


MAS8 


00150 


00153* 




FC3D 


MORE 


00060* 


00067 
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FD59 MORECH 00228 00232* 

FC79 MORSCR 00098*00107 00120 00131 

FCE9 NOTYET 00163*00165 00173 

FD82 SAND1 00212 00244 00255*00264 00278 00292 00303 00312 
FD25 SAND2 00204*00206 
FD2B SAND3 00207*00209 
FCEF SAND4 00166*00168 

00FF SAVCHR 00014*00036 00050 00095 00104 00230 00237 00250 00256 00269 00275 

00285 00293 
FD97 SCROL1 00245 00268* 
FC6D SCROL2 00087 00089* 
FCE0 SCROLL 00089 00156*00270 00289 
FD08 SERDIS 00178 00180* 
FD03 SERRX 00063 00177* 
FC88 SERTST 00101 00106* 
00F7 STACK 00019*00023 

00FE STATWO 00015*00079 00156 00188 00192 
1800 SWITCH 00018*00031 00187 

00FC TEMPX 00016*00061 00065 00097 00102 00109 00118 00135 00138 00142 00241 
00242 00246 00259 00260 00295 00296 00298 00299 00307 00308 00310 
00311 

OOFA TEMPX2 00017*00147 00148 

FC36 TIMER 00048 00052 00057*00084 00281 

FDC8 UPCUR 00235 00293* 

FC28 WRITEC 00046*00053 

FC53 YESC 00072 00075* 



Figure S. Program Listing (Concluded) 
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Table 2. Detailed Description of VDG Modes 



EXT/INT GM2 



GM1 GMO 



Character Color 



8 



Black 
Green 
Black 



Back 
Black 



32 Characters 
16 Character r 



Black 
Black 



i28 Display eiemen' 
96 tows of Display 



128 Display elements 
192 rows at Display 



766 Display 
per row 

192 <ows ol Display 



: 










1-2 




1 i 


LO 



HE 
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rm , 
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Comments 

the ALPHANUMERIC .NT FINAL wMs uses on "terna 1 character 
geneiew 'whicn cu'W'S me 'o iow.g 'ive Oct bv save" dot 
Biters t?ABC2EFGHUKLVN0PORS-U.^»v7 
l\',[|-*SP ■ *»**! I'*.- C-234M/89.<.- >• 'MU 3.1 
ASCH LOOe leaves two pi's ' ee and tnese fi»v Pe ew-i, . :on 
netted to the mod. p...s iG.'A. S '* Fxt 'ifJT gm2. Gm* Gvc 
CSS 0' .nv: 



The ALPHANUMERIC EXTERNAL mode uses an e.ternal cna-acter 

graphic symbol sets with up to 266 different B" 12 dot "characters 
be display ad. 



The SEMlGRAPHICS FOUR mode uses an internal 
generator tri which a rectangle (eight flots by twai- 
our eaual parts The luminance ol each part i 
corresponding pit on the VDG dan bus The color c 
is determined by three bits 



The SEMIGRAPHIC SIX mode is similar la the SEMIGRAPHIC FOUR 
mode with ihe loiiowmg deferences The eight dot b> twelve dot ret 
tar.gle <s divided into six eaual parts Color m determined bv the two 
remaining bits 



ie COLOR GRAPHICS S 
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APPLICATION PROTOTYPE BOARD (APB) 
FOR MC6801/MC6803/MC68701 MCUs 



Prepared By 
David Ruhberg 
Applications Engineer 



INTRODUCTION 

Now that cost effective single-chip MCUs are introduced, 
a similar cost effective design is required for their evaluation. 
The MC6801 MCU Family Application Prototype Board 
(APB) is a printed circuit board meeting these requirements 
and may be fabricated from the artwork provided in Appen- 
dix A. Fabrication of the APB will allow evaluation of the 
MC6801 Family of MCUs and custom programmed MC6801 
versions. The wirewrap allows the user to construct and 
finalize a prototype for PC board fabrication. The existing 
artwork may then be used as a nucleus to reduce layout time. 

GENERAL APPLICATIONS 

After assembling the APB, it can be used for evaluation of 
Motorola's MC6801L1, MC6803, ,MC6803NR, and 
MC68701 Microcomputer/Microprocessors, plus custom 



programmed versions of the MC6801 . All of the basic ad- 
dress decoding, logic support, etc., is an integral part of the 
completed APB; the only changes or modifications required 
are a result of user expansion. Figure 1 shows the basic com- 
ponents used with the APB. 

The printed circuit board is made up of two separate areas; 
a printed circuit area and a wirewrap area. Once the board is 
fabricated, the printed circuit area bypasses the prototype 
"wirewrap stage," and eliminates the associated wirewrap 
mistakes. This area provides connection and mounting space 
for the components, shown in Figure 2. The wirewrap area 
can be used for mounting and/or connecting additional 
devices such as buffers, memory, decoders, etc. 

As an elementary software development system, the com- 
pleted APB contains the necessary hardware to accomodate 



EPROM 
2 kx8 




User 

Optional 

Decoding 

(RAM, ROM, Etc.l 



FIGURE 1 - BASIC APB COMPONENTS 
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the monitor ROM features in LILbug® . Thus, the APB 
together with LILbug provides features which allow the user 
to: (1) Develop and edit software programs; (2) Hardware 
trace through the user's program; (3) Insert, display, and 
remove breakpoints in the program; and (4) Provide punch, 
load, and verify commands for software I/O. To utilize the 
ROM features in LILbug, the MC6801L1 MCU must be us- 
ed. 

The APB provides an RS-232 full-duplex interface to pro- 
vide the connection between a terminal and the MCU Serial 
Communication Interface (SCI). The punch, load, and verify 
are convenient to use when the terminal is equipped with 
magnetic tape capabilities. The APB circuit board is only 
4" X6.25" (4" x4. 125" if the wirewrap area is eliminated). 
Therefore, in addition to its use as a software/hardware 
development tool, its compact size allows it to fit into many 
application environments. Figure 3 provides a view of the 
completed APB. Mounting holes are provided at the four 
corners of the APB board. 

SERIAL COMMUNICATION INTERFACE 

One of the most useful features of the APB is its adapt- 
ability to interface with various serial I/O devices. Two ex- 
amples of these I/O devices are a terminal and a memory 
tape system. 

To communicate with the APB a user-supplied data ter- 
minal is generally required. The APB "powers up" expecting 
a data terminal set for 300 baud and full-duplex operation. 
The interface necessary to convert the serial I/O TTL levels 
to RS-232 levels is provided by the circuit that uses Ql, Q2 
and Q3, shown in Figure 2. The APB end of the cable con- 
necting the APB to the data terminal must be an 8-pin male 
DIP plug. The input to this circuitry is through pin "b" on 
the Port 2 socket (see Figure 2). The output signals leave 
through pin "a" on the Port 2 socket. 

The APB utilizes an RS-232 interface to provide a conve- 
nient method of accessing tape. When the terminal has a tape 



system (e.g., a Silent 700/w Dual Digital Tape Drivers), the 
RS-232 interface may be used and no additional hardware is 
needed. The information format used by the on-board 
monitor (LILbug) is the S1-S9 which is the same as that used 
in EXbug® . An example of this is shown in Figure 4. The 
first two digits provide the identification (ID), SI the Data 
Records, and S9 for the Data Trailer. The next two digits in 
the row contain the length of the data string (L) and the next 
four digits contain the hex address (ADD). The data string 
then follows, and the last two digits contain a check sum of 
the data in the row. When using LILbug, the user has the op- 
tion of redefining its I/O table such that the input and/or 
output is user-defined. Refer to "LILbug Monitor for the 
MC6801L1" (not part of this Application Note) for more in- 
formation. 

For any given input frequency (4f ), the serial I/O port 
will operate at one of four programmable baud rates. The 
four baud rates are determined by the input frequency (4f ). 
Of the four available baud rates, the particular one used is 
obtained by writing the appropriate bits into the rate and 
mode control register. Details can be found in the "MC6801 
Advance Information Sheet" (not included as part of this 
Application Note). The MCU will run at one-fourth of the 
input frequency (f or E). The particular baud rate is derived 
by dividing the E clock by 16, 128, 1024 or 4096. Two ex- 
amples of input frequency selection are shown below. An ex- 
ternal baud rate clock may be supplied as described in the 
"MC6801 Advance Information Sheet." 



Example 


Input 
Freq. MHz 


E 
MHz 


Baud Rate 


E/16 


E/128 


E/1024 


E/4096 


1 


2.4576 


C 6144 


38.4 k 


4.8 k 


600 


150 


2 


4.9152" 


1 2288 


76.8 k 


9.6 k 


1200 


300 



'For input frequency between 4 and 5 MHz use MC6801-1 MCU. 



TABLE 1 - MODE SELECTION SUMMARY 



Mode 


Pin 10 


Pin 9 


Pin 8 


ROM 


RAM 


Interrupt 


Bus 


Operating 


S4c 


S4b 


S4a 


Vectors 


Mode 


Mode 


7 


H 


H 


H 


I 


1 


1 


1 


Single Chip 


6 


H 


H 


L 


I 






MUX 6) 


Multiplexed/ Partial Decode' 5 ' 


5 


H 


L 


H 


I 


1 


1 


NMUX'6> 


Non-Multiplexed/ Partial Decode' 5 ' 


4 


H 


L 


L 


,12) 


,11) 


1 


1 


Single Chip Test 


3 


L 


H 


H 


E 


E 


E 


MUX 


Multiplexed/No RAM or ROM 141 


2 


L 


H 


L 


E 


1 


E 


MUX 


Multiplexed/ RAM 141 


1 


L 


L 


H 


] 


1 


E 


MUX 


Multiplexed/ RAM and ROM' 4 ' 





L 


L 


L 


1 


1 


,13) 


MUX 


Multiplexed Test' 4 ' 



Legend: 

I - Internal NMUX - Non-Multiplexed 

E - External L - Logic "0" (Switch Closed) 

MUX - Multiplexed H - Logic "1" (Switch Open) 
Notes: 

(1) Internal RAM is addressed at SXX80 

(2) Interna l ROM is disabled 

(3) RESET vector is external for 2 cycles after RESET goes high 

(4) Addresses associated with Ports 3 and 4 are considered external in Modes 0, 1 , 2, 
and 3 

(5) Addresses associated with Port 3 are considered external in Modes 5 and 6 

(6) Port 4 default is user data input; address output is optional by writing to Port 4 
Data Direction Register 



* Registered trademark of Motorola Inc. 
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C7i [0.01 iif 



C6| |_0 01 & 



AAA. 



SI |+ + +| 

Prog 



' ^ 10 k 



AAA, 

R12 ion 



CI I 27 pF 



C2J |27 pF 



"HP 



Y1 Crystal 



RTF 



1N914 [B1-R4I-10 k 




U2 



0+2i v +12V _,2V O t5V 

Regulator S5 | + + +| 

vri (^V 2V BIF B 

C8 1 '001 (iF 



U4 

TMS2716 



CS3 O 
CSI „ 



U3 
74LS139 



C9i (0 01 



C9| |0 



C4i ■ 01 ,,F 



1 r 



U5 




U9 


If) 




to 


■>* 




if 














5 






u 




o 






2 



C10| |0.01 , 



CSj 10.01 ,»F 



Cbj |0 



U7 




U8 


74LS32 




74LS04 



U6 




U10 








I 


















5 






u 




8 


5 




5 



I- 0/4/8/C 
1/5/9/D 
2/6/ A/E 



Port 
3 



-A15 
-A14 
A13 
A12 
All 
A10 
A9 
A8 



FIGURE 3 - APB PART LOCATION DETAIL 



ID L ADD 



S1130 1008E0 132FE0 137C603960AA1022705095A59 
S 1 1 101 1026F63EBD01 1 97E0 100 1 6 8 AO 1 3 339F0 
S10C0 1 33801 0040501 3953455400 
S9030000FC 

FIGURE 4 - MONITOR FORMAT 



TIMER 

All of the MC68O1/701 timer functions are provided via 
the Port 2 socket (see Figure 3). The timer runs at the same 
rate as E (one fourth the input frequency). The timer rate will 
be either 1.288 MHz or 0.6144 MHz depending on which in- 
put frequency is chosen in the above examples. For further 
details, see the section for the programmable timer in the cur- 
rent "MC6801 Advance Information Sheet." 

MODES 

The mode in which the APB operates is determined by the 
state of switches S4a, S4b, and S4c. Table 1 shows the 
various states in which the APB may be configured. It is im- 
portant to understand that any one of the eight modes may 
be obtained by setting the appropriate switches and then 
resetting the processor. 

PORTS 

There are four I/O ports on the MC6801/701, ap- 
propriately labeled P1X, P2X, P3X, and P4X, where X de- 
notes the bit number in each port. All ports have eight bits 
except port 2, which has five bits. 

Port 1: In all modes, Port 1 is always a parallel I/O port and 
accessed through the P ort 1 socke t on the lower left 
side of the board. The NMI and IRQ lines are also 
available on this socket. 

Port 2: Port 2 in all modes can be configured as I/O or pro- 
vide access to the serial communications interface 
and timer. 

Port 3: Port 3 performs various functions depending upon 
the operating mode selected. 

Single Chip Mode (4 and 7) — Parallel I/O port and 
is controlled by its associated Data Direction 
Register. 

Expanded Non-Multiplexed Mode (5) — In this 
mode, Port 3 becomes a bi-directional data bus 
(D0-D7). Data is available on the right side of the 
socket. 

Expanded Multiplexed Mode (0, 1, 2, 3, and 6) — In 
this mode, Port 3 becomes both the data bus (D0-D7) 
and lower bits of the address bus (A0-A7). Data is 
available on the right side of the socket along with 
the lower address lines on the left side of the socket. 

Port 4: The function of Port 4 is also dependent upon the 
operating mode selected. 

Expanded Non-Multiplexed Mode (5) — In this 
mode, Port 4 contains independently optional (bit by 
bit) address lines. 

Expanded Multiplexed Mode (6) — Only in this 
multiplexed mode. Port 4 contains independently op- 
tional (bit by bit) address lines. 
Expanded Multiplexed Modes (0, 1 , 2, and 3) — Port 
4 functions only as address lines A8-A15. 



DECODING AND ADDITIONAL MEMORY 

In addition to the internal ROM/EPROM found in the 
MC6801/MC68701, the APB provides 2 k bytes of external 
EPROM (TMS2716 only) space at U4, which can be used for 
PRObug* (a monitor program written to program the 
MC68701) and user defined routines. When using the 
MC 6801/701 in normal o perat ion, switch S5 must be in the 
B/F position. In the B/F position, memory spaces 
$B000-$BFFF and $F000-$FFFF are images of each other. 
Furthermore, $B000-$B7FF and $B800-$BFFF are images of 
each other; and likewise, $F000-$F7FF and $F800-$FFFF are 
also images of each other. This allows the external EPROM 
to supply vectors to the processor in modes I, 2, and 3; since 
$BFFE and $BFFF respond to $FFFE and $FFFF, respec- 
tively, in these modes. However, even though the ROM is 
selected for other addresses in the range $F8G0-$FFFF, the 
processor ignores the external data bus in mode 1 . In modes 2 
and 3, the processor ignores the internal ROM (detaches it 
from the data bus). The reason for this decoding procedure is 
to allow the external EPROM/ROM to be located at 
$B000-$BFFF and also to be activated when the restart inter- 
rupt vector is sought at $FFFE-$FFFF. 

The lower eleven address lines provide the addresses re- 
quired to access individual RAM/EPROM locations. The 
upper address lines have been partially decoded with a 
74LS139 to select between on-board RAM, ROM, and other 
various user defined functions. The B decoder is used to par- 
tially decode the most significant hex digit in each address. 
On the schematic, each output of this decoder is labeled with 
the most-significant digit of the code that will send each 
respective line active low. Selected for further decoding of 
the on board RAM is the 3/7/B/F line which is then ORed 
with A15 (8 to F) to allow a 3 or 7 to enable the second 
decoder, A. The A decoder is used to select 1 k blocks of 
RAM ($3000 to $3FFF or $7000 to $7FFF). The incomplete 
decoding here addresses both $3XXX and $7XXX at the 
same time since $3XXX is an image of $7XXX. Therefore, 
further decoding will typically be needed before both address 
spaces are used independently. Chip select CS0 is decoded to 
select U5 and U6 when the third digit in the four digit hex ad- 
dress is between and 3 (e.g., $30XX, $33XX, etc.); CS1 is 
decoded to select U9 and U10 when the third digit is between 
4 and 7 ($34XX, $37XX); CS2 is decoded to select optional 
additional MCM21 14s when the third digit is between 8 and 
B ($38XX, $3BXX); and CS3 is decoded to select optional 
additional MCM21 14s when the third digit is between C and 
F ($3CXX, $3FXX). 

The on-board RAM can be expanded from 2 k to 4 k by 
simply making the same connections to the additional RAM 
as made with the existing RAM (location described above) 
except connecting the chip selects to CS2 and CS3. The other 
three partially decoded lines from the B decoder are provided 
for the user. This can be used as is or further decoded 
depending upon user requirements. Each of the user accessi- 
ble decode lines (e.g., the three above, plus CS2 and CS3) are 
brought out to unused holes near the U3 (74LS139) on the 
PC board to provide easier access (see Figure 4). 
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There are three positions marked on the APB which in- 
dicate where power is to be supplied for normal operation. 
The user must supply filtered +5 V, + 12 V and - 12 V. 
(Since the negative voltage supply is necessary for the RS-232 
interface, no significant advantage is gained by using 
+ 5 V only EPROMs.) The worst-case current consumption 
is 5 V/790 mA, + 12 V/20 mA and - 12 V/60 mA. The 
+ 5 V supply is used by all ICs on the APB. The + 12 V and 
- 12 V supplies are used by the TMS2716 EPROM and the 
RS-232 output driver transistor. 

A wirewrap area is provided to add other M6800 family 
peripherals to the basic APB system. The user is then permit- 
ted to construct his target MC6801 -based system. To 
facilitate ease of construction in the wirewrape area, the ad- 
dress lines A0-A15 and data lines D0-D7 are available adja- 
cent to the wirewrap area. These signals are available as pins 
of two DIP sockets, preferably wirewrap sockets, when ex- 
ternal parts are employed in the wirewrap area. In the single 
chip mode, DIP headers may be used to connect to parallel 
Ports 3 and 4. 

SPECIFIC OPERATION 

The APB operates with the standard MC6801 , MC6801 LI , 
MC6803, MC6803NR, and the MC68701. The MC6801 con- 
tains an enhanced MC680O processor, 2 k of internal mask- 
programmed ROM, 128 bytes of RAM, a 16-bit timer and a 
serial I/O section. The MC6801L1 is similar, except the 
mask-programmed ROM is programmed with a debug 
monitor called LILbug. The MC6803 is similar to the 
MC6801, except there is no internal masked-programmed 
ROM. The MC6803NR has no RAM. The MC68701 is 
similar to the MC6801, except the internal ROM is electrical- 
ly programmable, alterable, and ultra-violet erasable (see 
Figure 5). 

MC6801L1 MICROPROCESSOR 

To facilitate debugging and development of applications 
software, the user may elect to use the MC6801L1 processor 
which contains the monitor LILbug. All modes listed in 
Table 1 are available on the MC6801L1. 

The APB allows use of the hardware trace function of 
LILbug by closure of S4d. Switch S4d connects the output 
level of the internal timer to the non-maskable interrupt of 
the MC6801. LILbug then provides the programming 
necessary to implement a trace through specified RAM or 
ROM memory locations. This capability allows the user to 
single-step through programs that are ROM-based. The 
Memory Map of various modes utilizing the MC6801L1 on 
the APB Board is presented in Figure 6. 

MC6803 and EPROM 

Since the MC6803 has no on-chip ROM available to the 
user, the only useable modes are those that access external 
ROM to pick up its restart vectors. These modes are: 

a) The MULTIPLEXED/RAM (mode 2) 

b) The MULTIPLEXED/NO RAM or ROM (mode 3) 



The Memory Map for the MC6803 is shown in Figure 7. 

For the case of the MC6803NR, the mode should be set to 
the MULTIPLEXED/NO RAM or ROM mode (mode 3). 
The Memory Map is similar to that shown in Figure 7 except 
all on-chip RAM address space is replaced with user 
definable space. 

MC68701 and PRObug 

When using the MC68701 with the APB, all modes are the 
same, as shown in Table 1 , except mode is used in the on- 
chip EPROM programming mode. 

In order to program the MC68701, the user must supply 
well-filtered +21 Vdc. However, before the +21 V is actual- 
ly utilized by the internal MC68701 EPROM, the user must 
place switch SI in the closed position. 

For illustrative purposes, it is assumed the user will make 
use of the PRObug software available in external ROM. 
After inserting the PRObug ROM into the external 
ROM/EPROM socket (U4), the internal EPROM can be 
programmed. In order to use PRObug to program the inter- 
nal EPROM of the MC68701, switch S5 must be in the B 
position. This position allows the external ROM to respond 
only to $B000-$BFFF. This is necessary in the programming 
mode of the MC68701 since the ROM should not be selected 
during processor output of image address $F000-$FFFF. 
PRObug may still be used since the MC68701 processor puts 
out the restan addresses $BFFE and SBFFF after reset when 
in the programming mode. 

After programming is complete, the external 
ROM/EPROM (PRObug) may be replaced with another 
ROM/EPROM to utilize the same addresses. The Memory 
Map for the MC68701 is shown in Figure 8. 

More details about the PRObug software are provided in 
the "PRObug Preliminary Programming Monitor" (not part 
of this Application Note). 

ASSEMBLY 

The APB can be assembled using the part location detail of 
Figure 3. No special instructions are necessary. 

CONCLUSION 

Although the completed APB is a small board 
(4" x 6.25"), it nonetheless possesses a high degree of ver- 
satility with respect to performance, configuration and ap- 
plication. The APB lends itself for use as both a small size 
debug system and a final version applications 
microprocessor-based system. Since size is of paramount im- 
portance in many applications, the advantage of LSI is 
defeated if used on a larger printed circuit board. 

REFERENCES (All are Motorola documents) 

MC6801 Advance Information 
LILbug — A Monitor for the MC6801 
PRObug — Preliminary Programming Monitor for the 
MC68701 
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FIGURE 5 - MC6801 SINGLE CHIP MICROCOMPUTER 
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FIGURE 6 - MC6801L1 MEMORY MAP AS USED WITH APB 
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FIGURE 8 - MC68701 MEMORY MAP AS USED WITH APB 



APB KIT PARTS LIST 



Quantity 


Ref. Desig. 


Value/ Description 


Quantity 


Ref. Desig. 


Value/ Description 


Capacitors 


Motorola ICs 


2 
1 

7 


CI, C2 

C3 
C4-C10 


27 pF 
50 /iF (35-50 voltsl 
0.1 iif or 0.01 jiF 


1 
1 
1 
1 

4 

'1 
1 


U1 

U2 

U3 

U4 
U5, U6, 
U9, U10 

U7 

U8 


74LS373 
MC6801-1/701/03 
74LS139 
TMS2716 

MCM21 14-45 

74LS32 
74LS04 


Resistors (1/4 w) 


8 
3 
1 


R1-R8 
R9-R11 
R12 


10 kohms 
3.3 kohms 
10 ohms 


Diodes and Transistors 


Switches 


4 
1 

2 


CR1-CR4 

Q1 
Q2, Q3 


1N914 
2N3906 
2N3904 


2 
1 
1 


SI, S5 
S2 
S4 


SPOT Slide Switch 
SPDT Momentary Switch 
(C&K 8121C) 
4PST DIP (8 Pin) 


Regulator 


DIP Socket 


1 VR1 MC79L05CP 


1 
1 
1 
4 
2 
4 
1 


40 Pin 
20 Pin 
24 Pin 
18 Pin 
14 Pin 
16 Pin 
8 Pin 




Crystal 


1 


Y1 


4.9152 MHz 



APPENDIX A 

This appendix provides a copy of the 1:1 artwork furnished with the Application Note to allow a user to com- 

necessary to fabricate a printed circuit board (PCB) for the plete the APB. 

APB Application Prototype Board. In addition, a parts list is 

NOTE 

Permission is hereby granted by Motorola Inc., 
MOS Integrated Circuits Division, in Austin, 
Texas for use of this artwork in any manner. 




FIGURE A-1 - COMPONENT SIDE ARTWORK 
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FIGURE A-2 - SOLDER SIDE ARTWORK 
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USING INPUT/OUTPUT MODULES IN 
INDUSTRIAL CONTROL APPLICATIONS 



Prepared by 
Tom Hopkins 
Systems Engineering 

Utilization of microprocessors and MSI logic in industrial control 
applications requires a reliable means of interfacing the logic to both 
ac and dc levels while at the same time providing isolation between the 
logic and power circuit. This application note discusses the use of 
Motorola's series of input and output modules to accomplish that 
interface. 



One of the major uses of microprocessors and MSI 
circuitry in the industrial environment is in control ap- 
plications. To deal with real-world applications, the sys- 
tem designer must provide a means for the low-voltage 
logic to work with the voltage and current levels of other 
systems. The differences between the logic system and 
the "real-world" systems define requirements for iso- 
lation, power switching, level translation and noise im- 
munity. In addition, the system designer must concern 
himself with safety and serviceability of the system. 

In many systems it is economical to modularize the 
input and output devices and manufacture the modules 
in large volume to realize the cost savings of large-scale 
production. In addition, modularization offers other ad- 
vantages, such as standardization, ease of maintenance 
and troubleshooting, higher reliability, and lower design 
cost. 

Motorola's series of input/output modules provides 



this modular means of interfacing the logic signals with 
ac and dc loads. 

ISOLATION 

In the United States, the generally accepted standard 
has been that of the Underwriters Laboratories, which 
is that isolated systems must withstand 1000 volts plus 
twice the working or line voltage. For a 240 Vac system 
controlled by standard logic, the test for isolation would 
be to apply 1480 Vac for one minute without inducing 
an isolation failure. Thus, in the past, a 1500 Vac iso- 
lation rating was acceptable for American systems. 

As more equipment is being required to meet the more 
stringent requirements of other countries, the 1500 Vac 
isolation rating is becoming inadequate. Current design 
practice is to meet the most stringent European require- 
ment of 3750 Vac. Use of modules which meet this re- 
quirement not only allows qualification under all known 



FIGURE 1 - MS16 Mounting System with I/O Modules Installed 
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requirements in multinational markets, but establishes a 
clearly superior and safer product. 

POWER SWITCHING 

Motorola output modules are not intended to be the 
final load handling devices in all systems. They do, how- 
ever, have ratings adequate to handle many small loads 
such as fractional horsepower motors, small heaters, so- 
lenoid valves, and lamps. In addition, the modules are 
capable of driving final load handling devices such as 
motor starters. 

SAFETY CONSIDERATIONS 

One of the important safety considerations is how to 
connect the output device to the wiring harness. Current 
practice is evolving toward the elimination of screw ter- 
minals on I/O modules. By using the plug-and-socket 
type of connection, the module can be installed or re- 
moved without working with hot wires. This can result 
in a significant saving of maintenance time, since the 
electrician no longer must lock out feeder circuits before 
maintenance. Hence, the current practice of plugging the 
module into a socketed mounting board and attaching the 
wiring harness to the board using screw terminals is be- 
coming universally accepted. This type of mounting also 
has the advantage of making installation more con- 
venient since the wiring can be done before the "elec- 
tronics" is installed. 

A second topic related to safety is that of fusing. Since 
most fusing requirements reflect code-writing agencies' 
concerns to "protect wire," fusing specifications are 
often outgrowths of safe current levels for wire with re- 
gard to heat generation. From the electronics point of 
view, we are usually more concerned with protecting 
electronic equipment than wire. Hence, the size, loca- 
tion, and type of fuse is best selected by the system de- 
signer. The Motorola mounting boards have provision 
for a pigtail fuse to be installed in series with each mod- 
ule and the field wiring. The standard boards have a 
5-A fuse installed at the factory. 

LOGIC INTERFACE 

Once the decision to use I/O modules has been made, 
the only remaining task for the system engineer is to in- 
terface the module with the logic and the equipment. For 
the most part, the interface with the equipment is quite 
simple, since the module most generally goes in series 
with the field device. 

On the logic side, the interface to be used depends on 
the type of logic used in the logic system. ForTTL logic, 
the interface is quite simple since a standard TTL output 
will drive the output modules directly, as shown in Fig- 

FIGURE 2 - Module Interface for TTL Logic 



Output 
Module 

OAC5, OAC5A, 
or ODC5 



ure 2. This configuration may be used with standard 
TTL, Schottky (S), low-power Schottky (LS), and high- 
speed (H) series devices. Low-power TTL (L) may be 
buffered with an LS device. Although the standard TTL 
output configuration will drive the module, it may be 
desirable to use open-collector devices for the output 
module drivers. 

To interface the modules to MOS logic requires a bit 
more circuitry. The most obvious interface is to buffer 
the MOS with a TTL device. For most NMOS devices 
such as the M6800 family, a standard TTL device may 
be used. For CMOS operating at 5 volts, a low-power 
Schottky device may be used as the buffer. 

A second method of interfacing MOS devices to the 
I/O modules is use of a simple saturating transistor, as 
shown in Figure 3. Here the MOS device drives the base 

FIGURE 3 - 5-Volt Interface for MOS Logic 




Output Module 
OAC5, OAC5A, 
or ODC5 



of an NPN transistor, which, in turn, drives the output 
module. By changing the value of R 1 to 39 kfl. this con- 
figuration may be used to interface CMOS operating at 
15 volts with I5-volt logic modules OAC15. QACI5A, 
and ODC15. 

Interfacing input modules to logic is a simple matter. 
Since the input modules are open-collector devices, the 
only additional component necessary is a pullup resistor, 
as shown in Figure 4. 

FIGURE 4 - Interface to Logic Input 



Input Module 
IAC5. IAC5A. 
or IDC5 



In all three illustrations, an indicator LED is added to 
indicate the status of the device. If a mounting board 
such as the MS 1 6 is used, both the indicator LED and 
the 3.3 kH resistor are installed on the board at the factory. 

TYPICAL APPLICATION 

The application of I/O modules in an industrial envi- 
ronment can best be illustrated by working through a 
case history. The example problem involves a mixing 
tank in a batch processing plant. The tank involved, 
shown in Figure 5, is one of a number of similar tanks 
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FIGURE 5 - Mixing Tank with Makeup Heater 




in a plant that batch-processes liquids through a number 
of mixing, stirring, and heating cycles. The original 
plant was controlled by relay logic and had high oper- 
ating cost due to direct operating labor and maintenance 
expense. The goal of the conversion of the plant to a 
distributed processor-based control system was to in- 
crease flexibility while increasing reliability and reduc- 
ing labor. 

The conversion had to take place piecemeal to avoid 
shutting down the entire, operation. Various pieces of 
equipment were converted to solid-state control and re- 
turned to service by plant engineering during periods 
scheduled for maintenance. Since time and cost were 
important factors, existing devices and wiring were used 
whenever possible. 

The particular tank for our example had the following 
equipment: 

•y 4 -HP, 120 Vac. single 
phase; 

starter 1 20 Vac @ 250 mA 
DC solenoid operated; 
24 Vdc @ 1.2 A 
DC solenoid operated; 
24 Vdc @ 2.0 A 
200 W resistive-coil type; 
120 Vac @ 1.7 A 
SPST N.C. contacts 



1 Stirring Motor 



3 Inlet Valves 



1 Outlet Valve 



1 Immersion Heater 



Liquid-Level 
Sensors 
Thermostat 



SPST N.C. contacts 



The new electronics housing may have internal tem- 
peratures up to 60°C maximum. Since the 60°C ambient 



temperature is above the maximum temperature for full 
ratings, the output modules were derated, using the de- 
rating curve shown in Figure 6. From the graph it was 
found that the output modules had a current rating of 
2. 18 A at 60° C. This rating was sufficient for all of the 
equipment used in this application. 



FIGURE 6 - Maximum Output Current versus Temperature 
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Since the input modules are not power-handling de- 
vices, they do not have a derating factor and may be 
used over the specified temperature range without 
derating. 

The microprocessor chosen for the application was an 
MC6800. The outputs were to be controlled through an 
MC6821 peripheral interface adapter. An SN74LS05 
open-collector hex inverter was chosen to interface the 
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MC6821 and the output modules. The SN74LS05 drives 
the output modules as shown in Figure 1 . 

The logic outputs of the three input modules are con- 
nected to peripheral input pins of the MC6821 as shown 
in Figure 3. 

The configuration for the wiring harness was fixed as 
shown in Figure 7. The thermostat could have been used 

FIGURE 7 - Wiring Harness 
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to furnish either a dc signal, an ac signal, or to directly 
switch the 5-volt supply. Switching of the 5-volt supply 
would have limited the flexibility of the system and so 
was rejected. The ac signal was selected for the ther- 
mostat because it resulted in the least amount of rewir- 
ing, as it was previously used to switch ac relay signals. 
For similar reasons, the level switches were wired to the 
existing 24 Vdc "relay" supply, which was retained so 
that the existing solenoid valves could be utilized. 

The I/O modules were mounted on an MS 16 mounting 
system. This system provides a complete means of con- 
necting the I/O modules to the field wiring and the logic 
system, while keeping the I/O modules outside of the 
card cage which housed the microprocessor. 

CONCLUSION 

Motorola Input/Output modules can provide an eco- 
nomical means of connecting logic control to the "real- 
world" in many industrial applications. The use of this 
modular approach not only provides the necessary iso- 
lation but increases the. safety, reliability, and service- 
ability of the system. 
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SPECIAL CONSIDERATIONS IN USING THE 
MC6801 INTERRUPT CAPABILITIES 



Prepared by 
Clint Bauer 
Systems Engineer 
Motorola Automotive Electronic Systems 



M6800 Microprocessor family components are used in 
numerous real-time control applications, many of which use 
external interrupt, timer and/or ACIA interface devices to 
increase system capability. The MC6801 microcomputer 
brings all these capabilities together with ROM and RAM on 
a single chip, while also providing a dramatically enhanced, 
yet machine-code compatible version of the MC6800 pro- 
cessor. 

The MC6801 interrupt control methods are also enhanced, 
but still retain the same philosophy of operation used by 
other M6800 family components. The improvements increase 
performance, but also make possible several application- 
dependent constraints which merit consideration in certain 
systems. It is hoped that the information contained in this 
application note will aid the reader during his system design, 
so that a similar education is not required at debug time. It is 
assumed that the reader is familiar with basic operation of 
the MC6801 as described in the MC6801 Data Sheet and/or 
the MC6801 Manual. An optional review of MC6801 inter- 
rupt operation is provided first, followed by a discussion of 
important interrupt design constraints. 

The MC6801 interrupt structure is similar to that available 
in the MC6800. The principle difference is that the MC6801 
has four additional interrupt vectors and handshake logic to 
control them (see Figure 1). MC6800 systems are able to sup- 
port external circuits that offer th is sa me capability, but nor- 
mally do so by sharing the single IRQ line and interrupt vec- 
tor. The additional MC6801 vectors allow more efficient in- 
terrupt service by eliminating polling requirements for the 
triple-function timer/counter (where quick response is 
especially helpful), and reducing them elsewhere. 

Having more vectors, MC6801 systems now offer a greater 
probability that near simultaneous interrupts will occur. For 
example, the three vector internal timer will often handle 
multiple asynchronous events. Therefore, it is important that 
the MC6801 system designer carefully observe the exact rules 
concerning interrupt recognition, entry, and service. A 
review of these rules is provided below. 



Highest 
Priority 



Lowest 
Priority 



Vector (MSB:LSB) 


Description 


FFFE:FFFF 


Reset 


FFFC:FFFD 


Non-Maskable Interrupt (NMI) 


FFFA:FFFB 


Software Interrupt (SWI) 


FFF8:FFF9 


fROl Interrupt (fRcTl, T53 - Mode 7) 


FFF6:FFF7 


IRQ2/Timer Input Capture (ICF) 


FFF4:FFF5 


IRQ2/Timer Output Compare (OCF) 


FFF2:FFF3 


iRTK/Timer Overflow (TOF) 


FFF0:FFF1 


IRG2/SCI IRDRF, ORFE, TDRE) 



FIGURE 1 — MC6801 INTERRUPT PRIORITY 
AND VECTOR MEMORY MAP 



a. All interrupt possibilities but two are disallowed, or 
"masked" when the interrupt-mask bit I is set. Bit I in 
the processor condition code register (CCR) is 
automatically set during MC6801 Power-up/Reset. 
The I-bit does not "mask" NMI (non-maskable inters 
rupt). SWI (software interrupt) does not interrupt a 
program but executes like any other machine code and 
as such it is not maskable. 

b. 1-Bit behavior can be summarized as follows: 

(1) Actions that set the I-bit do so immediately. 

(2) Actions that clear the I-bit do so after one E cycle 
delay. 

Therefore, the CLI instruction can often be 
placed one program step sooner than might other- 
wise be thought, for the I-bit actually clears dur- 
ing the first cycle of the instruction following 
CLI. . . 

c. Most MC6801 interrupts can be inhibited at a second 
level. Specific control bits in several MC6801 registers 
(see Figure 2) separately enable or disable the six inter- 
rupt possibilities shown in Table 1 . All interrupt enable 
bits are cleared (disabled) during MC6801 Power- 
up/Reset. User programs can set or clear these bits, the 
action taking place during E time of an MPU write cy- 
cle to the specified register. 
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From Processor 
(Hardware 
Handshake 
Return) 




Note: When no 
interrupt requests 
are present, 
the serial I/O vector 
is selected 



RDRF 


ORFE 


TDflE 


RIE 


RE 


TIE 


TE 


WU 



Flag Bits 



TRCSR 

S11 ' 

SCI 

Control/ Status 



Level 
Controlled 



Not meant to represent actual circuitry. "Initiate Interrup t" sig nal is answered with 
handshake action that sets l-bit (upper right). For IRQ1 and IRQ2 interrupts, a software 
handshake is also necessary to prevent repeat service when l-bit is cleared. This second 
hand shake clears the appropriate interrupt request directly or must indirectly cause line 
IRQ! to return to its inactive state. 



FIGURE 2 — CONCEPTUAL REPRESENTATION OF MC6801 
INTERRUPT STRUCTURE 



TABLE 1 — MC6801 INTERRUPT FLAG AND 
ENABLE BITS 



Interrupt 


Interrupt 
Flag Bits 


Interrupt 
Enable Bits 


Input Strobe 3 IRQ1 
Timer Input Capture 
Timer Output Compare 
Timer Overflow 
Serial Receive 
Serial Transmit 


IS3 FLAG 
ICF 
OCF 
TOF 

RDRF/ORFE 
TDRE 


IS3 IRQ1 ENABLE 

EICI 

EOCI 

ETOI 

RIE 

TIE 



d. MC680J interrupts are requested when appropriate ac- 
tions set particular flag bits (the flag bits are listed in 
Table I). If the matching enable bit is set and the pro- 
cessor I-bit is clear, the flag bit will "request" inter- 
rupt service, as shown in Fig ure 3 . 

Activating the external IRQ1 pin sets a non- 
machine-readable flag that remains latc hed as long as 
the I-bit is clear. The negative edge of NMI also in- 
fluences a certain flip-flop to request service, but is ser- 
viced so quickly that there is no point in making its 
state readable. 

e. Interrupt request flags become set at the following 
times: 

IS3 FLAG: Directly clocked by the negative edge at 
IS3 pin. 



ICF: During E time that the timer capture ac- 

tually occurs, which is two cycles after the 
capture pin edge. 

OCF: During E time but one cycle after timer 
compareoccurs . 

TOF: During E time that the timer counter 
would read SFFFF. 

RDRF: During E time that received data is latched 
into buffer. 

ORFE: During E time that an overrun or framing 

error is detected. 
TDRE: During E time that a data word is actually 

transferred to the serial out shift register. 
Once set, the interrupt flag bits are cleared during E 
time of special memory accesses th at oc cur after the 
flag is "armed" for clearing: The NMI request flip- 
flop is automatically cleared during the tenth cycle of 
the interrupt entry sequence, as described later. 



Flag Bit 


Arming Mechanism 


Bit Clearing Action 


IS3 Flag 

ICF 

OCF 

TOF 

RDRF 

ORFE 

TDRE 


P3CSR read lat SF) 
TCSR read lat $8) 
TCSR read (at $81 
TCSR read (at $8) 
TRCSR read (at $11) 
TRCSR read (at $11) 
TRCSR read (at $11) 


P3DATA read or write (at $6) 
CAPREG read (at $D) 
CMPREG write ($B or $C) 
COUNTER read (at $9) 
RDR read lat $12) 
RDR read (at $12) 
TDR write (at $13) 



Any Instruction 
That Does Not 
Set Bit I 



Free-Running Counter 



ADDD $80- 




Interrupt Entry 
Sequence 



TOF 



OCF 



Compare Reigster= $FFFE 
Comparison 
Matches 



RDRF, ORFE, 
or TDRE 



/ / / / 1/ 



Edge at Capture Input 
ISFFFF Captured) 













NMI 












IRQ! 

FLAG»IS3 IRQ1 ENABLE 





The one cycle skew for IRQ1 results from signal conditioning and synchronization. 

FIGURE 3 — INTERRUPT RECOGNITION WINDOWS 
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g. Regardless of how interrupts are caused, the end inter- 
face between each interrupt request and the processor 
is level controlled, as shown in Figure 2 (as the Inter- 
rupt Vector Select Logic block). This feature gives an 
MC6801 program more control over interrupt service 
than is otherwise possible. For example, if the three 
timer interrupts were enabled and their flags were to 
simultaneously set, the input capture interrupt (having 
the highest priority of the three) would be serviced 
first. This service routine could temporarily inhibit 
compare interrupt service by clearing bit EOCI, which 
allows overflow interrupt service (normally the lower 
priority) to occur when capture service is complete. If 
the end interrupt request interface was latch rather 
than level controlled, clearing bit EOCI in the example 
would not prevent the compare interrupt from being 
serviced before timer overflow. 

Individual flag bits are separately latched, however. 
In the example just given, bit OCF is temporarily in- 
hibited but will indeed be serviced when the program 
restores bit EOCI to its enable state. 

h. Interrupt requests trigger interrupt service at times well 
defined relative to the end of the instruction in pro- 
gress, as shown in Figure 3. 

i. After recognition, all interrupts are initiated by a 
twelve-cycle interrupt entry sequence (see Figure 4). 
The particular request that initiates the interrupt entry 
sequence will normally be, but is not always, the same 
one immediately serviced. Exceptions can occur where 
two or more interrupts occur at nearly the same time, 
because actual selection of which interrupt to service is 
delayed until near the end of the resulting interrupt en- 
try sequence. At the ninth cycle, a decision is made as 
to wh ether NMI, IRQ1, or IRQ2 will be ser viced. If 
IRQ2 is selected, the exact selection of which IRQ2 to 
service is made during the tenth cycle. Requests not 
selected remain pending but are masked (I-bit sets dur- 
ing the tenth cycle), allowing the selected service 
routine to proceed undisturbed. Some example pat- 
terns of near-coincidental interrupt service are shown 
in Figure 5. 



j. Interrupt service is complete when the processor ex- 
ecutes an RTI instruction. This ten cycle instruction 
simply returns seven bytes from the stack to the pro- 
cessor registers, restoring the original machine state 
present when the interrupt was serviced (assuming the 
interrupt routine does not modify stack contents). In 
particular, the o rigina l I-b it is re stored. If it returns to 
a logic "0", the IRQ1 and IRQ2 latches of Figure 2 are 
again enabled so that any pending request can be ser- 
viced. 

k. A CLI instruction can be executed during interrupt 
servic e t o allow prompt processor response to pending 
IRQI or IRQ2 requests. The benefits gained by this are 
sometimes offset by increased program complexity and 
greater required stack depth. 
1. All interrupt service routines (except NMI and SWI) 
should take action that removes its interrupt request 
prior to exe cuting an R TI ins truction. 

An IRQ2 or IS3 or IRQI request is normally re- 
moved by clearing the appropriate flag bit. As an alter- 
native, the matching enable bit can be clear ed. Exter- 
nal hardware must remove any external IRQI interrupt 
requests, as this line is not directly controlled by the 
processor. This is best handled by providing hand- 
shake logic similar to that used internally to control the 
IRQ2 requests. The MC6821 PIA an d MC 6846 RIOT 
devices each provide an excellent IRQI interface, 
though discrete logic designs will also work, 
m. Interrupt service cycle times are well defined: 

Cserv: Number of cycles taken away from non- 
interrupt execution by interrupt execution. 

^entry: 12 cycles to enter interrupt service. 

Qlrflg: 4 to 9 cycles to clear interrupt request (zero 
for NMI or SWI) 

Ctask : number of cycles to perform desired service. 

C ex it: 10 cycles to execute RTI instruction. 
CiRQl, IRQ2 = C tas k + 26 to 31 cycles 
CRM1, SWI = Ctask + 22 cycles 



NMI 



IRQ1 orlSS 



Any of These 
\ Conditions Will 
Cause Interrupt Service 




f End of Instruction. Since "Initia 

is Active (Fig. 2), Entry Sequence Begins 



FIGURE 4 — MC6801 INTERRUPT ENTRY SEQUENCE 
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FIGURE 5 - MC6801 INTERRUPT EXAMPLES 



DESIGN CONSTRAINTS OF THE 
MC6801 INTERRUPT SYSTEM 

The expanded interrupt system of the MC6801 offers im- 
portant benefits when software is constructed to utilize it 
properly. However, certain specific software practices should 
be avoided because unexpected program behavior may 
result. These practices are now described, along with alter- 
natives that will aid in better achieving the desired results. 

AVOID IRQ2 HANDSHAKE VIOLATIONS 

MC6801 interrupt requests (except for NMI and SWI) are 
cleared with a software handshake during interrupt service to 
avoid repetitive service of the same interrupt. The program- 
mer should avoid several improper procedures that can clear 
these requests at the wrong time, or several difficulties may 
occur that can cause unexpected system performance. 

What happens if an IRQ2 request is somehow removed 
prior to actual service (a handshake violation)? If the request 
had not yet triggered an interrupt entry sequence, nothing 
unusual takes place. If in deed triggered, however, the follow- 
ing rule will apply: An IRQ2 interrupt entry sequence that 
finds no request present during its tenth cycle will always 
select the serial I/O vector for service. This may or may not 
be a problem if the original request was f or seri al I/O service. 
On the other hand, programs that allow IRQ2 requests to be 
cleared between interrupt sequence triggering and actual vec- 
tor selection will service the serial I/O vector in lieu of that 
desiredr-Two methods exist that allow this to occur, which 
are described b elow and then summarized in Table 2. 
1 . Clearing IRQ2 Enable Bits While l-bit is Clear — Pro- 
grams are often structured such that mask-bit I is clear 
during background or non-interrupt execution. Some 
programs will also purposely clear the I-bit during in- 
terrupt se rvice routines. At either time, software that 
clears an IRQ2 enable bit should be avoided because 
the corresponding interrupt flag may h ave just become 
set. Figure 6 shows that an IRQ2 interrupt only 
momentarily requested can result in erroneous selec- 
tion of the serial I/O vector. To prevent this, use in- 

TABLE 2 — METHODS OF GENERATING 



struction SEI to mask all interrupt requests for the 
short time that it takes to clear the desired enable bit, 
then clear the I-bit again with instruction CLI. The 
SEI/CLI combination is unnecessary when the pro- 
grammer knows that the I-bit is already set, as is usual- 
ly true within interrupt service routines that do not 
themselves alter t he I-b it. 
2. Clear ing Enabled IRQ2 Flag Bits while I-bit is Clear — 
IRQ2 requests can also be removed by clearing the 
interrupt-flag itself. Doing so just as the interrupt is to 
be serviced should be avoided to prevent improper 
serial I/O vector selection, as demonstrated in Figure 
7a. 

Two special cases of programming practice can also 
generate this undesirable result. The double-byte read 
instructions "LDD TCSR" ($8) and "LDD TRCSR" 
($11) are used to arm and clear interrupt flags TOF, 
RDRF, and ORFE. As such, they are excellent for use 
as the software handshake needed during service of 
these flags, but altogether improper any time their in- 
terrupts are enabled and the I-bit is clear. 

For example, TOF might set, arm, and clear within 
the four cycles of "LDD TCSR" execution. Though 
the request is removed, it is still able to initiate an in- 
terrupt entry sequence, resulting in erroneous service 
of the serial I/O routine (see Figure 7b). Good pro- 
gramming practice would clear interrupt flags only 
during the appropriate service routine, which is the 
best solution to this difficulty. "LDD TRCSR" can 
similarly clear RDRF and/or ORFE while 
simultaneously initiating an interrupt sequence. Again, 
the serial I/O vector is selected, which is seemingly 
proper in this special case. However, the serial inter- 
rupt service routine normally polls flags RDRF, 
ORFE, and TDRE to determine the actual interrupt 
source. It is possible, then, that RDRF or ORFE ser- 
vice be skipped due to improper flag-clearing. 

Table 2 summarizes the several methods by which the 
serial I/O vector may be improperly selected. 

K SERIAL I/O VECTOR SELECTION 



The Cause 


Control or Flag 
Bits Affected 


The Solution 


Clearing IRQ2 enable bit just as 


EICI 


Disable these enat 


)le bits only while 


interrupt entry sequence begins. 


EOCI 
ETOI 


I-bit is set. 








TIE 












RIE 










Clearing IRQ2 flags just as interrupt 


All IRQ2 Flags 


Do not clear flags directly after 


entry sequence begins 




CLI instruction. 








TOF 
RDRF 


Execute these instructions only if 
I-bit is set. 




ORFE 














LDD 


TCSR 


LDD 


TRCSR 






LDX 


TCSR 


LDX 


TRCSR 






ADDD 


TCSR 


ADDD 


TRCSR 






SUBD 


TCSR 


SUBD 


TRCSR 






CPX 


TCSR 


CPX 


TRCSR 






LDS 


TCSR 


LDS 


TRCSR 
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AVOID IRQ1 HANDSHAKE VIOLATIONS 

IRQ1 requests are latched as long as the I-bit is clear (see 
Figure 2) and will not cause improper selection of the serial 
I/O vector. Howev er, it is still wise to observe the precau- 
tions described for 1RQ2 to prevent any unexpected system 
perfor mance. For example, handshake violations can clear 
IRQ1 request flags just as interrupt service is being init iated . 
As with IRQ2, programmers should avoid clearing 1RQ1 
flags during an instruction that follows CLI. Any of the 
"LDD-type" violations described previ ously should also be 
avoided any time the I-bit is clear, for IRQ1 flags can also 
set, arm an d clea r during a single instruction. These viola- 
tions allow IRQ1 service to take place, but prevent recogni- 
tion of the calling flag during IRQ1 polling. 

Additionally, the MC6821 and MC6850 offer interrupt re- 
quest flags that need not be "armed" before clearing — a 
single memory access does the job. Therefore, limit these ac- 
cesses to the appropriate service routine so that no request 
can be missed. 

There is no hardware oriented reason to avoid clearing 
IRQ1 interrupt enable bits while the I-bit is clear. However, a 
polling routine cannot reliably test both flag and enable bits 
when this is the case. 

Pulsing the external IRQ1 line by any form of signal 
generator without a handshak e shou ld normally be avoided.* 
Edge triggered interrupt lines NMI, IS3, and Input Capture 
are better used for such signals. Or, an MC6821 or MC6846 
can transform these into level-sensitive, handsh ake c on- 
trolled request signals which are more suitable for IRQ 1 . 

AVOID CLEARING THE I-BIT DURING NMI SERVICE 

There is need to be cautious about clearing the I-bit during 



NMI service because this interrupt can occur at virtually any 
point in program execution. Some prog rams tha t use th is 
technique are likely to service occasional IRQ1 or IRQ2 in- 
terrupts twice per request. 

Double service occurs whenever an I-bit clearing NMI ser- 
vice routine is exec uted b efo re the flag-clearing handshake of 
an already entered IRQ1 or IRQ2 service routine. For exam- 
ple, Figure 8 shows that an NMI occurrence during a par- 
ticular window o f tim e prevents the quick handshake that 
clears 1CF. When NMI service executes instruction CLI, flag 
ICF teams with enable bit EICI to again request capture ser- 
vice. As shown, all routines will execute properly and to com- 
pletion, including double service of the twice-called capture 
routine. 

Clearing the I-bit during other service routines will not 
generate this situation, although doing so before clearing the 
calling interrupt request is disastrous. The best way to avoid 
any problem is to leave the 1-bit set throughout NMI service. 
Where this is undesirable, additional software can be added 
to the NMI routine stack and compare it to all possibilities 
that lead to double service. Where such is indicated, clearing 
the I-bit should be skipped. If the I-bit must be cleared every 
time, additional software should first clear the interrupt flag 
scheduled for double service. Clearl y, the benefits desired 
when clearing the I-bit during NMI service are potentially 
offset by the added software required to suppor t thi s tech- 
nique. For the same reasons, do not program an NMI inter- 
rupt service routine to clear the I-bit record contained on its 
stack. This would allow all portions of a program to be sub- 
jected to 1-bit clear execution, resulting in potential double 
service of interrupts. 



•Appendix A offers an application of 1RQ1 pulsing that does work, but only under special circumstances. 
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FIGURE 6 

Programs that clear IRQ2 enable bits while 
1-bit is clear risk improper vector selection. 
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FIGURE 7 

Programs that clear "enabled" 1RQ2 flag bits while 
I-bit is clear risk improper vector selection. 
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FIG URE 8 

Clearing I-bit duri ng NM I s ervice can lead to 
double service of IRQ1 or IRQ2 interrupt. 



APPENDIX A 
USING IRQ1 AS AN INPUT PIN 



If the circumstances are rig ht, an I/O limited MC6801 
system may be able to use the IRQ1 pin as an extra input. 
Where no other interrupts are used, this can be accomplished 
with the simple program of Figure A-l to clear RA M byte 
IRQTST while also clearing the I-bit. The state of the IRQ1 
pin then determines whether IRQTST will be changed (inter- 
rupt occurs) or remain constant (no interrupt occurs). The 
background program discovers which is the case by simply 
reading IRQTST. Notice that the processor has no control of 
input pin IRQ1 in this method, but can still perform the 
necessary interrupt handshake by setting the I-bit record 
stored on the stack. This prevents repeat se rvice that would 
otherwise tie up the processor as long as the IRQ1 pin is held 
low. 



The same basic method can also b e used when other inter- 
rupts are to be serviced as well. The IRQ1 pin is again tested 
in the manner just described, but now routine IRQSRV must 
also poll other interrupt requests in case they need service, as 
shown in Figure A-2. If it is important that the various inter- 
rupts be serviced promptly, the programmer can scatter CLI 
instructio ns thr ough his background software. This still 
allows the IRQ1 pin to be used as a n inpu t, and also permits 
norm al service of all interrupts while IRQ1 is high. Whenever 
IRQ1 is low, IRQSRV becomes an alternate entry path for 
other maskable interrupt requests. 
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0080 A IRQTST EQU 



2000 
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A BKGRND EQU * 



2000 
2001 



2004 
2006 



OE 
7F 



96 
26 



0080 A 



80 A 
00 2008 



*FIND OUT IF IRQ1 PIN IS HIGH OR LOW 

CLI I CLRS DURING NEXT INST. 

CLR IRQTST WILL IT STAY ZERO? 

*IF IRQ1 IS LOW, SERVICE OCCURS AT THIS MOMENT 



LDAA IRQTST 
BNE IRQLOW 
*IRQ1 PIN WAS HIGH 



IS NOW #$FF IF IRQ1 IS LOW 
IRQ1 DID OCCUR 



2008 A IRQLOW EQU 
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*IRQ1 SERVICE ROUTINE 
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*I-BIT IS SET TO PREVENT IRQ1 RESERVICE 



FIGURE A-l 
Using IRQ1 as an input pin. 
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0080 


A 


TCSR EQU 


$8 


TIMER C/S REGISTER 






000D 


A 


CAPREG EQU 


$D 


CAPTURE REGISTER 






0011 


A 


TRCSR EQU 


$11 


TX/RX C/S REGISTER 






0012 




RXBUF EQU 


$12 


RECEIVE BUFFER 






0080 


A 
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DC 
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TRCSR 
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A 
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26 
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2015 


96 


08 


A 


TIMIC LDAA 
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FIGURE A-2 
Routine IRQSRV can al so po ll other interrupt 
requests when using IRQ1 as an input. 
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AN-808 



INTERFACING M6800 PERIPHERAL 
DEVICES TO THE MC68000 
ASYNCHRONOUSLY 

, Prepared by: 

Arnold J. Morales 
Microprocessor Applications Engineer 



This application note describes a technique for interfacing 
M6800 peripheral devices to a MC68000 microprocessor 
using a four-chip TTL circuit. Any M6800 peripheral is easily 
interfaced to the MC680 usin g the M6800 peripheral con- 
trol interface (E, VMA, VPA) that is designed into the 
MC68000. However, when using this interface, the 
peripheral must be driven by the MC68000 enable (E) signal. 
The frequency of this clock is one-tenth of the MC68000 
clock frequency with a 60/40 (6 clocks high, 4 clocks low) du- 
ty cycle. Certain applications may require a clock frequency 
other than the one-tenth sample that is readily available. An 
application using a MC68B54 Advanced Data Link Con- 
troller (ADLC) at a high data transfer rate could require an E 
clock frequency of up to two megahertz because the data 
transfer rate of the ADLC depends on the transmit and 
receive clocks which are limited by the E clock frequency. 



TIMING CONSIDERATIONS 

Typical read and write timing for the MC68000 is shown in 
Figure 1. The relationship between the MC68000 timing and 
the access timing for the interface circuit given in this ap- 
plication is shown in Figure 2. The best case, timing has data 
strobe occurring with the minimum setup time to allow 
peripheral selection on the next falling edge of the E clock. In 
the worst case timing, the data strobe did not occur in time to 
allow peripheral selection on the next falling edge of E. 
Therefore, a full E cycle has to occur and then the peripheral 
selection is done on the falling edge of that full cycle. The 
resulting cycle times for these best and worst cases and a 
comparison between asynchronous and synchronous inter- 
facing is summarized in Table 1 . 
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Figure 1. MC68000 Read and Write Cycle Timing Diagram 
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Figure 2. Asynchronous Interface Access Timing Diagrams 



BLOCK DIAGRAM 

Figure 3 is a block diagram of a circuit that allows M6800 
peripherals, operating at any frequency within their 
operating range, to be asynchronously interfaced to a 
MC68000 processor. The data bus is driven by a pair of octal 
transparent latches. The latch control circuitry uses MeSOO* 
peripheral chip select and the R/W line of the MC 68000 for 
output enable a nd data d irection information. The DTACK 
signal from the DTACK generation circuit latches data into 
the enabled octal latch whe n the per ipheral is deselected. 

The peripheral select and DTACK generation circuit uses a 
data strobe (either upper or lower) from the MC68000, 
peripheral E, and a M6800 perip heral chi p select signal to 
select the peripheral and generate DTACK. 



CIRCUIT OPERATION 

Figure 4 is a schematic diagram of the interface circuitry. 
Refer to this diagram during the following discussion. Initial- 
ly flip f lops U1A and U1B are cleared causing a high 
DTACK output setting U2 and U3 to a transparent mode. 



Latch U2 is in the_high-impedance state due to a high on the 
output enable (OE) input. Latch U3 is enabled due to a low 
on the OE input. 

At the start of a M6800 peripheral access, latch U3 remains 
enabled if the access is a MC68000 write. If the access is a 
read, the high R/W and CS inputs to U4A cause U3 to go to 
the high-impedance state and U2 to become enabled. The 
peripheral is selected by a low chip select prime (CS 5 ). Flip 
flop U1A is clocked high on the first falling edge of E with 
the system chip select (CS) and data strobe (DS) high. The Q 
output of U 1 A is applied to U4D, asserting CS' . Selecting the 
peripheral at this time ensures that the peripheral has ade- 
quate address setup time. 

On the next falling edge of E, the Q output of U1B is 
clocked low asserting DT ACK and latching data into the 
enabled latch. The asserted DTACKsignal, inverted by U4D, 
deselects the peripheral by causing CS' to go high. Flip flop 
Ul is cleared by DS going low when the access terminates. 
Clearing Ul also initializes the interface circuitry for the next 
access. 
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Tabic 1. Synchronous and Asynchronous Interface Access Time 





Read Access Times 


Write Access Times 




(MC68000 Cycles! 


(MC68000 Cycles) 
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Worst Case 


Best Case 


Worst Case 
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18 
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Figure 3. M6800 Peripheral to MC68000 Interface — Block Diagram 



SAMPLE CIRCUIT 

An example of this interface circuitry is given in the 
following paragraphs. This example illustrates how the 
MC68000 can be interfaced to both a MC6854 Advanced 
Data Link Controller (ADLQ and a MC6840 Programmable 
Timer Module (PTM) at the same time. The circuit shown in 
Figure 5 uses the two megahertz "B" version pans connected 
to a MC68000 driven at eight megahertz. 

The base addresses for the peripherals in this example are 
$18001 for the ADLC and $18801 for the PTM. When the 
MC68000 transfers bytes it asserts the upper data strobe for 
even addresses and the lower data strobe for odd addresses. 
The circuit in this example uses the lower data strobe; 
therefore only odd MC68000 addresses are used. A memory 
map of the example system is given in Figure 6. 

Device Selection — A SN74LS138 l-of-8 decoder (U5) 
used as an address decoder is used in conjunction with a chip 



select signal (CS') developed by U6E to select either the 
ADLC or the PTM. The PTM requires two chip select in- 
puts, one high and one low, to be selected. The low input is 
provided by the 05 output of U5 w hile t he high input is pro- 
vided by an inverted sample of the CS', developed by U6E. 

To select the ADLC, the 05 output of U5 must be high 
and the Ol output must be low. The ANDing of 05 with the 
high CS' developed by U6E generates the low chip select in- 
put required by the ADLC. 

Test Program — A flow chart of the test program is given 
in Figure 7 and a listing is provided in Figure 8. Refer to these 
figures during the following discussions. The first five lines 
of code initiate operation of timer 3 in the PTM in the con- 
tinuous mode, resulting in a square wave at the output of 
timer 3, pin 6. The remaining lines of code are for testing the 
ADLC. The test program is based on the loopback test pro- 
gram given in Motorola publication MC6854UM (AD). 
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Figure 4. M6M0 Peripheral to MC68000 Interface — Schematic Diagram 
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Figure 5. MC6M00/MC6M0/MC6854 Circuit Example 



The ADLC transmitter and receiver clock inputs (TxC, 
RxC), are tied together and provided with a clock frequency 
determined by the desired data transfer rate. The transmitter 
output (TxD) is tied to the receiver input (RxD) to allow both 
the transmitter and receiver to be tested at the same time. The 
test consists of initializing the ADLC, transmitting a series of 
data bytes, and then storing the data received in a memory 
buffer based at address labled RECBUF. 

The byte to be transmitted, labeled DATA, is located at 
address $3000. This address is entered into MC68000 address 
register Al , which will be used as the data pointer for data to 
be transmitted. The program transmits the same data byte 
128 times, a count established by the initial value in MC68000 
data register DO. The program can be easily modified to 
transmit a block of characters based at address $3000 by 
changing the initial value in data register DO, and postin- 



crementing address register Al after each character is 
transmitted (line 72). 

The main program is a looping, polling sequence. First, 
the receiver is checked for the presence of a received 
character by testing the receiver data available (RDA) flag in 
the ADLC. If a character is present, it is stored in the receiv- 
ed data buffer. The transmitter data register available 
(TDRA) is then checked to determine whether the transmit- 
ter is ready for another byte of data. If the transmitter is 
ready, another data byte is transmitted. The program then 
loops back to check the receiver again. 

Before each character is transmitted, MC68000 data 
register DO is decremented and tested. Termination of the 
program is initiated when the correct number of characters 
have been transmitted. 
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Figure 6. Memory Map 
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SUPERT2. MC68000 ASM REV= 1.1 - COPYRIGHT BY MOTOROLA 1978 



PAGE 1 



1 






* 


PROGRAM TO INITIALIZE MC6840 


2 
3 






* 


ENABLE TIMER 3 




4 




00001000 


ORG $1000 




5 
6 






* 






7 




00018801 


WCR13 


pry] SlPRni 


W.C.R. 1,3 


8 




00018803 


WCR2 


EQU $18803 


W.C.R. 2 


9 




0001880D 


MSBT3 


EQU $1880D 


M.S.B. BUFFER 


10 




0001880F 


LSBT3 


EQU $1880F 


L.S.B. TIMER 3 


11 












12 


001000 


13FC0082 












00018801 


START 


MOVE.B #$82,WCR13 


INITIALIZE TIMER 3 


13 


001008 


13FC0000 












0001880D 




MOVE.B #$00,MSBT3 


M.S.B TIMER 3=00 


14 


001010 


13FC000F 












0001880F 




MOVE.B #$0F,LSBT3 


L.S.B. TIMER 3=OF 


15 


001018 


13FC0001 












00018803 




MOVE .B #$01,WCR2 


ACCESS W. C.R.I 


16 


001020 


13FC0000 










00018801 




MOVE.B #$00,WCR13 


ENABLE TIMERS 


17 












18 








NOPAGE 




20 






* ADLC 


PROGRAM TO INITIALIZE ADLC AND BACKEND TRANSM] 


22 






* EQUATES 




23 




00018000 


ADLC 


EQU $18000 


ADLC BASE ADDRESS 


24 




00002000 


RECVBF 


EQU $2000 


RECEIVER BUFFER 


25 




00003000 


DATA 


EQU $3000 


LOCAT OF DATA TO BE 


26 




00001500 


ENDFLG 


EQU $1500 


ALL FINISHED FLAG 



28 
30 



32 

33 001028 



34 001030 

35 001038 



36 001040 

37 001046 



39 

40 00104E 

41 001052 

42 001056 

43 001058 

45 

46 00105C 
47^001062 

48 001066 

49 00106A 

50 001070 



13FC00C0 

00018001 
13FC0064 

00018003 
13FC0OC1 

00018001 
423900018003 
13FC001F 

00018007 



43F82000 
343C003F 
4299 

51CAFFFC 



203C000000FE 

43F83000 

45F82000 

423900018001 

42381500 



* DEFINE RAM WORK AREA 

* START OF PROGRAM CODE 

* INITIALIZE ADLC 

FIREUP MOVE.B #$C0,ADLC+1 

MOVE.B #$64,ADLC+3 

MOVE.B #$C1,ADLC+1 
CLR.B ADLC+3 

MOVE.B #$lF,ADLC+7 

* CLEAR MEMORY RECEIVE BLOCK 

LEA RECVBF, Al 
MOVE.W #( $100/4 )-l,D2 
CLEAR CLR.L (Al) + 

DBRA D2 , CLEAR 

* SETUP REGISTERS 
MOVE.L #$FE,D0 
LEA DATA.Al 
LEA RECVBF, A2 
CLR.B ADLC+1 
CLR.B ENDFLG 



C.R. 1 
C.R. 2 
C.R. 1 

C.R. 4 



LOAD BUFFER PTR 
SIZE IS 256 BYTES 
CLEAR NEXT WORD, INCR 
LOOP UNTIL DONE 



SETUP COUNT-2 , XMIT 
SETUP DATA ADDRESS 
LOAD BUFFER PTR 
ENABLE RX, TX 
SET FLAG FOR NOT FINI 



Figure 8. Program Listing 
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52 

53 001074 61000038 

54 001078 6100000C 

55 00107C 4A381500 

56 001080 67F2 

57 001082 4E4F 

58 001084 0000 



* PROCESS TRANSMIT AND RECEIVE TASK TILL DONE 

PROCES BSR RECV ATTEMPT RECEIVE 

BSR SEND ATTEMPT TO SEND 

TST.B ENDFLG FINISHED? 

BEQ PROCES LOOP IF NOT FINISHED 

TRAP 15 BREAKPOINT WHEN FINIS 

DC.W #0 BREAKPOINT CODE 



60 

61 001086 

62 00108E 

63 001092 

64 001096 

65 00109A 
66 

67 00109E 

68 0010A4 
69 

70 0010A6 

71 0010AC 



* ATTEMPT TO TRANSMIT A CHARACTER 



08390006 

00018001 
67000014 
0C40FFFF 
6700000C 
51C8000A 

13D100018007 
4E75 

13D100018005 
4E75 



BTST.B #06,ADLC+1 TDRA SET? XMIT READY? 
BEQ RETURN 

CMP #-l,D0 ? LAST BYTE SENT? 

BEQ RETURN YES IGNORE SENDING MO 

DBRA DO, MORE COUNT DOWN, BRANCH NO 

* PROCESS LAST BYTE BY TERMINATING TRANSMISSION 

MOVE.B (Al),ADLC+7 LAST BYTE INTO FRAME 

RETURN RTS RETURN TO MAINLINE 

* PROCESS NEXT BYTE TO TRANSMIT (NOT THE LAST) 

MORE MOVE.B (Al),ADLC+5 SEND NEXT BYTE TO FRA 

RTS RETURN TO CALLER 



73 

74 0010AE 

75 0010B6 

76 0010BA 

77 0010BE 
78 

79 0010C0 

80 0010C4 

81 0010CC 

82 0010D0 



* ATTEMPT TO RECEIVE A CHARACTER 

08390001 

00018003 RECV 



BTST.B #l,ADLC+3 



66000008 BNE QOTFRM 

61000016 BSR TRYINP 

4E75 RTS 

* END OF FRAME PROCESSING 

61000010 QOTFRM BSR TRYINP 

13FC0064 

00018003 MOVE.B #$64,ADLC+3 

52381500 ADD.B #1, ENDFLG 

4E75 RTS 



? FRAME RECEIVED 
BRANCH IF SO 
ATTEMPT INPUT OF NEXT 
RETURN TO MAINLINE 

INSURE LAST BYTE PROC 

CLEAR TX,RX STATUS 
FLAG RECEIVER DONE 
RETURN TO MAINLINE 



84 * PROCESS INPUT BYTE IF ANY 

85 0010D2 08390000 

00018001 TRYINP BTST.B #0,ADLC+1 



86 0010DA 67C8 

87 0010DC 14F900018005 

88 0010E2 4E75 



BEQ RETURN 
MOVE.B ADLC+5,(A2)+ 
RTS 



? INPUT BYTE READY, T 
RETURN IF NO BYTE 
STORE BYTE 
RETURN 



90 END 
91 

92 *© 
****** TOTAL ERRORS — 



SYMBOL TABLE 

ADLC 018000 CLEAR 001056 

FIREUP 001028 GOTFRM 0010CO 

MSBT3 01880D PROCES 001074 

RETURN 0010A4 SEND 001086 

WCR13 018801 WCR2 018803 



DATA 003000 ENDFLG 001500 

LSBT3 01880F MORE 0010A6 

RECV 0010AE RECVBF 002000 

START 001000 TRYINP 0010D2 



Figure 8. Program Listing (Concluded) 
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INTERFACING THE MC68000 
TO THE MC6846 RIOT 

Prepared by 
David Ruhberg 
Microprocessor Applications Engineer 



The MC6846 ROM I/O Timer (RIOT) provides several 
versatile functions which the MC68000 may use with minimal 
effort. The RIOT features a 2K by 8 mask-programmable 
ROM, an 8-bit I/O port, and a 16-bit programmable timer/ 
counter, in one forty-pin package. The MC68000 has the op- 
tion of addressing the RIOT singly or in pairs, depending on . 
the desired bus width. The 8-bit bus can be used if the upper 
and lower data strobes are used. Note that if a single RIOT is 
used, the MC68000 will not be able to obtain executable code 
from the ROM within the RIOT. This is due to the limitation 
introduced by the width of the data bus on the RIOT. 
Therefore, to effectively interface the ROM in the RIOT to 
the MC68000, a 16-bit data bus is used in this application. 
This configuration makes three 16-bit capabilities available 
to the MC68000. They are: 

• 2K by 16 bits of mask-programmable ROM 

• two parallel, 8-bit I/O ports, or one parallel, 16-bit 
I/O port 

• two 16-bit timers that can be used together or 
independently 

HARDWARE 

The basic connections needed for the RIOT to function 
with the MC68000 are: the lower ten address line s (A1-A 10), 
the sixteen data lines (D0-D15), and the R/W, RESET, E, 
and chip select signals. All of these may be obtained directly 
from the MC68000 with the exception of the chip select 
signals. As shown in Figure 1, the eight high-order data lines 
go to one RIOT and the eight low-order data lines go to the 
other RIOT. All other connections between the RIOTs are 
made in parallel. To obtain the chip select signals, some 
decoding circuitry must be provided. The RIOT may be run 
synchronously or asynchronously with the MC68000. 

Synchronous Operation — To run the RIOT synchronous- 
ly, some de codin g circuitry must be used to provide a low in- 
put to the VPA pin of the MC68000 when the RIOT is 
selected. Thi s syn chronizes the MC68000 with E and 
generates the VMA signal. 



To use the synchronous output o f the MC68000, the 
decoding circuitry must also generate a VPA signal, in addi- 
tion to the chip selects. This signal informs the MC68000 that 
it is addressing a M6800 peri phera l and synchronize s the p ro- 
cessor with the E clock. The VPA signal also causes VMA to 
be generated which can be used for other M6800 peripherals. 

Asynchronous Operation — Operating the RIOTs asyn- 
chronously with the MC68000 allows the processor to begin 
executing the next instruction without waiting to synchronize 
with the E clock. To ope rate asyn chronously, the decoding 
circuitry must generate a DTACK signal in addition to the 
chip selects. 

SAMPLE CIRCUIT 

The sample circuit interfaces parallel RIOTs through the 
MC68000 Design Module (MEX68KDM) data bus, as shown 
in Figure 2. Since only sixteen address lines (A1-A16) are 
brought out on this bus, addressing from the MC68000 is in- 
complete. Special attention should be given in addressing 
these devices from the MC68000 since the AO address line on 
the RIOT corresponds to the Al address line on the 
MC68000. 

The RIOT used in this sample circuit (MC6846P3 TVBug) 
has the following characteristics. Having CSO high and CS1 
low selects the ROM, while having CSO low and CS1 high 
selects the I/O Timer. Also, address lines A6 and A10 must 
be high and lines A3, A4, and A5 must be low for the I/O 
Timer to be selected. The three least-significant address bits 
are used to address the various I/O Timer control registers. 
A memory map is given i n F i gure 3. Besides power and 
ground, the E, CSO, CS1, R/W, RESET, and the ten address 
lines are connected in parallel to the RIOTs. 

As mentioned earlier, the address lines are obtained from 
the limited address bus of the Design Module. Buffers are re- 
quired to reduce noise on the bus lines. Bidirectional, three- 
stateable buffers are used on the data lines so that data may 
be transmitted to and received from the Module. The receive 
enable (RE) signal will go low when R/W is low and the I/O 
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Timer chip select (CS1) is high. The driver enable (DE) signal 
will go high when R/W is high and either chip select is high. 

The decoding circuitry shown in Figure 4 generates the 
chip select signals for synchronous operation. A high chip 
select signal (CSO) is generated for the ROM at addresses 
$10000 through S10FFF. The high chip select signal (CS1) is 
generated for the I/O Timer registers at addresses $11880 
through S1188F. The two chip select signals are NORed 
together to generate the VPA signal. Valid peripheral address 
should be generated from an open collector gate or passed 
through a three-stateable buffer to permit a wire-ORed 
signal. 

For as ynchr onous operation, the U10 NOR gate used to 
generate VPA is replaced with the TTL circuit shown in 
Figure 5. 

The seven-segment displays are used to show the contents 
on the parallel I/O data registers in the RIOTs. 

Address lines A4, A5, and A7 are decoded to allow soft- 
ware manipulation of the timer contained in each RIOT. 

SOFTWARE 

The software needed for the MC68000 to use the RIOT is 
straightforward. One point to keep in mind is that the 



MC68000 addresses every eight bits, even though it executes 
sixteen-bit instructions. This means that the least-significant 
byte of an instruction is always located at an odd address, 
and likewise the most-significant byte is always located at an 
even address. Since the hardware writes to all sixteen bits at 
once, the addresses for the control registers are located two 
addresses apart (i.e., PCR: 11882, DDR: 11884, etc.). In us- 
ing the ROM, no preliminary software is necessary. 
However, to use the I/O lines, the peripheral control register 
must be initialized and the data direction register must be 
configured before data may be transmitted to or received 
from the peripheral data register. 

The software for the sample circuit is given in Figure 6. 
The I/O lines are connected to four, seven-segment displays 
through MC14511 BCD-to-decimal decoders. The software 
initializes the I/O lines (as outputs) and then outputs the first 
ten bytes of each ROM. Since the decoders cannot decode 
hexadecimal numbers greater than nine, the software sub- 
tracts eight if the number is greater than nine. Then the code 
is output to the display for operator inspection. This soft- 
ware is included to give you an idea of the simplicity involved 
in interfacing to these M68O0 peripherals. 




Figure 1. MC6846 to MC68000 Interface - 
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$1188F 

I/O Timer 
Control 
Registers 

$11880 



$10FFF 

2Kx16 
ROM 

$10000 

Figure 3. Memory Map 




CSO ROM 



CS1 I/O Timer 



Figure 4. Decoding Circuitry (Synchronous Interface) 
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MC68000 ASM REV= 1.1 - COPYRIGHT BY MOTOROLA 1978 



PAGE 1 



1 




00001000 


ORG $1000 






2 




00010000 






S10000 


*c;TAWTTNn ADDR 


3 






* 






OF ' 46 RDM 


4 




00011882 


PCR 


EQU 


$11882 




c 
•j 






* 






CNTR. REG. 


6 




00011884 


DDR 


EQO 






7 






£ 






REGISTER 


Q 





UUUllOOO 


PDR 


EQU 


$11886 


*'46 PERIPH. 


9 












DATA REG. 


1 n 

1U 


UUJ.UUU 


JJr LUUUU 














nnn noon 




MOVE.W 


#$0,PCR 


CONFIG. '46 PCR'S 




nm nno 
UUlUUo 


33FCFFFF 














UUUlloo4 




MOVE.W 


#$FFFF , DDR 


CONFIG. '46 DDR' S 


12 


nn i m n 


"3n ^pnnnn 




MOVE.W 


#$0A-1,D0 


SET NUMB. OF 


1 J 






* 






WORDS FROM ROM 


1 A 






* 






TO DISPLAY 








* * 


* * 


* * * 


* * * * 


lb 






* 








J. / 






* 


DISPLAY ROUTINE - USES REGS. Al ,D0 ,D1 ,D2 ,D3 


1 ft 






* 








19 






* * 


* * 


* * * 


* * * * 


20 






* 








21 






* HEX TO DECIMAL MODIFICATION — 


IF HEX DIGIT GT 9, 


22 






* 






SUBTRACT 8 


23 


001014 




CVRCHK 


MOVE.L 


#ROM3TR,Al 


LOAD IN STR. ADDR. 


24 


00 101 A 


3211 


BYTE1 


MOVE.W 


(A1),D1 


FETCH WD. FM ROM 


Z D 








MOVE.W 


D1,D2 


MOVE TO SCTCH AREA 


26 


nni n 1 p 

UU1U J.Ej 


UZ4ZUUUT 




AND.W 


#$000F,D2 


ISOLATE L.S. DIG. 


27 


001022 






CMP.W 


#$0009, D2 


CHCK IF NEEDS MOD 


98 
-o 


nn l noc 


Of UUUUU1 




BLE 


BYTE2 , 


IF NOT, BRANCH ■ 


29 


00102A 

\J\J J-\J £*r\ 


5142 




SUB.W 


#$0008, D2 


IF SO, SUBT. 8 


30 




3601 


BYTE2 


MOVE.W 


D1,D3 


GET SECOND BYTE 


-ii 
ji 


nm mp 


Uz4 JUUr U 




AND.W 


#$00F0,D3 


TO SCRATCH AREA 


J ^. 


nm mo 






CMP.W 


#$0090, D3 


AND REPEAT PROC 


J J 


nm n^c 

UU1U jD 


Or UUUUUb 




BLE 


BYTE3 




J 4 


nni n^a 


nA a innftn 




SUB.W 


#$0080, D3 




JJ 


nm mp 

UUi.U JCj 




BYTE3 


OR.W 


D3,D2 




JD 


nn i n/in 
UU1U4U 


JoUl 




MOVE.W 


D1,D3 
#$0F00,D3 




J / 


nm r\A o 
UUlU4z 


Uz4 JUr UU 




AND.W 




Jo 


nm n^A 

UU1U4D 






CMP.W 


#$0900, D3 






nn in/n 
UU1U4A 


6F000006 




BLE 


BYTE4 




a n 


UU104E 


04430800 




SUB.W 


#$0800, D3 




41 


001052 


8443 


BYTE4 


OR.W 


D3,D2 




42 


001054 


2601 




MOVE.L 


D1,D3 


USE LONG WD. FOR MSB. 


43 


001056 


02830000F000 




AND.L 


#$F000,D3 




44 


00105C 


OC8300009000 




CMP.L 


#$9000, D3 




45 


001062 


6F000006 




BLE 


DONE 




46 


001066 


04438000 




SUB.W 


#$8000, D3 




47 


00106A 


8443 


DONE 


OR.W 


D3,D2 


DISPYD DATA IN D2 


48 


00106C 


33C200011886 




MOVE.W 


D2,PDR 


WRITE DATA TO PIA 


49 


001072 


2E3C0003D090 




MOVE.L 


#250000, D7 


DLY FOR 5 SEC 


50 


001078 


5387 


DLY 


SUB.L 


#1,D7 




51 


00107A 


6AFC 




BPL 


DLY 




52 


00107C 


51C8FF9C 




DBRA 


DO ,BYTE1 


GO AGN IF <> 10 


53 






* 







Figure 6. Program Listing 
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REVII MC68000 ASM REV= 1.1 - COPYRIGHT BY MOTOROLA 1978 PAGE 2 



54 * BACK TO MACSBUG 

55 * 

56 001080 4E4F TRAP 15 

57 001082 0000 DOW 

58 * 

59 * THE PIA ADRESSES ARE $11882 PCR 

60 * $11884 DDR 

61 * $11886 TO WRITE TO THE DISPL 

62 END 

****** TOTAL ERRORS 0— 
SYMBOL TABLE 

BYTE1 00101A BYTE2 00102C BYTE3 00103E BYTE4 001052 

CVRCHK 001014 DDR 011884 DLY 001078 DONE 00106A 

PCR 011882 PDR 011886 POMSTR 010000 



Figure 6. Program Listing (Concluded) 
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DUAL 16-BIT PORTS FOR THE MC68000 
USING TWO MC6821S 

Prepared by: 
James McKenzie 
Microprocessor Applications Engineering 



The MC6821 Peripheral Interface Adapter (P1A) is a 
40-pin device having two 8-bit ports. Each port has its own 
control register and may be configured as input or output on 
a bit-by-bit basis. 

Two PIAs may be configured on the MC68000 
microprocessor bus to give two 16-bit ports. The ability of 
the MC68000 to simultaneously access 16 bits of data at an 
effective rate of up to two megahertz makes it ideal for pro- 
cessing applications using state-of-the-art A/D or D/A con- 
verters. The MC68000 is also suited for applications involv- 
ing advanced peripherals with parallel inputs or outputs and 
a high data throughput rate. 

ASYNCHRONOUS OPERATION 

The schematic for the MC68000/MC6821 asynchronous 
interface appears in Figure 1. Typical timing diagrams ap- 
pear in Figure 2. Edge connector designations for MC68000 
signals correspond to the MEX68KDM Design Module bus 
pin allocations (EXORciser bus). The asynchronous inter- 
face is responsible for three major tasks: 

• Detecting when the PIAs are being addressed 

• Synchronizing the MC68000 bus cycle to the local 
E clock 

• Controlling data flow to and from the PIAs 

Bus Buffering — Buffers Ul, U2, U3, U16, U17, U18, and 
U19 are all microprocessor bus buffers/drivers which make 
this design compatible with the MEX68KDM Design 
Module. Other buffering schemes may be more appropriate 
in other applications. In particular, buffers U5, U6, U7 and 
U8 will provide sufficient data bus buffering in a system 
where the data bus is not inverted. 

Address Decoding — The two PIAs are located at 
$18000-$ 18007, as shown in the memory map given in Figure 



3. The NOR of address lines A5-A9 (U9A) and address lines 
A10-A14 (U9B) is ANDed with address line A15 (U11A) and 
AS (U11B) to yield chip select (CS). The test and set an 
operand instruction (TAS) uses a n indiv isible read-modify- 
write bus_cycle. Therefore, UDS + LDS should be used in- 
stead of AS in the address decoding if the user wishes to ex- 
ecute this instruction on any of the PIA registers. If the TAS 
instruction will not be executed at these locations, AS should 
be used in the decoding network to allow the fastest possible 
access times. 

Address lines Al and A2, respectively, control^ register 
selects RS0 and RSI of both PIAs. Address lines A3 and A4 
drive CS1 and CS0, respectively, on each PIA. Other ad- 
dressing schemes using more addressing lines are possible. 
Only the functions of Al, A2, and CS are fixed. 

Enable Synchronizer — Flip-flops U13A and U13B syn- 
chronize the MC68000 memory access cycle with enable (E) 
which runs all M6800 family peripherals. Essentially, this cir- 
cuit allows chip select to pass to the PIAs only when there is 
adequate setup time before the next rising edge of E. Initial- 
ly, CS is low as the device is not selected. The next Q output 
of U13A is low and the Q output of U13B is high because CS 
drives the clear input of both flip flops. This keeps the output 
of U12B high (CS to both PIAs) and the PIAs are deselected. 
After the device is selected (CS goes high), the first falling 
edge of E clocks the Q output of U13A high which forces the 
output of U12B low, enabling both PIAs. This allows a full 
half cycle of E for setup before the rising edge of E. At the 
next falling edge of E, the Q output of U13A is clocked low. 
This removes CS2 from both PIAs (via U12B), latches the 
data pre sent on the bus (U5, U6, U7, U8) and returns 
DTACK to the MC68000 through an open-collector buffer 
U4A). This terminates the MC68000 memory access cycle. 

If a fifty percent duty cycle, two megahertz E signal is used 
a best case access cycle time of 875 nanoseconds and a worst 
case access cycle time of 1375 nanoseconds will be obtained. 
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READ CYCLE (Typical) 
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18000 
18001 



18002 
18003 



18004 
18005 



18006 
18007 



Peripheral Data/ DDR, A Side 
CRA 

Peripheral Data/DDR, B Side 
CRB 



Figure 3. Memory Map 



Bus Buffers Enables — Gates U12A and U10D coordinate 
the flow of data on the bidirectional data bus t o and from the 
PIAs. These gates form the Boolean equation R/W»CS (pin 
3, U12A) which gates the flow of data to and from the PIAs 
on U16, U17, U18, and U19. Data is allowed to flow from 
the PIAs to the MC68000 bus through latches U5 and U7. 
Also, the signal R/W»CS (pin 8, U10D) allows data to pass 
from the MC68000 bus to the PIAs through latches U6 and 
U8. Latches U5, U6, U7, and U8 guarantee that valid data is 
on the bus throughout the MC68000 cycle, not just when the 
PIAs are selected. 

SYNCHRONOUS OPERATION 

The MC68000 can control M6800 synchronous parts 
directly using the M6800 peripheral control b us. Th is bus 
consists of enable (E), valid memory address (VMA), and 
valid peripheral address (VP A). The two 16-bit ports may be 
operated synchronously by replacing U13, U12B, and U4A 
of Figure 1 with the c ircuitry shown in Figure 4. Valid 
peripheral address (VPA), a wire-ORed signal, is returned by 
an open-collector NAND gate when the chip select is 
detected. As the processor responds with VMA, the PIAs are 
selected (pin 6, U12B). Enable (E) is provided by the 
MC68000 in this case and has the frequency of the system 
clock divided by eight. The MC68000 must synchronize 
VMA with E internally, so this method does not allow as fast 
an access as the asynchronous interface. 

SOFTWARE CONSIDERATIONS 

Because the upper and lower data strobes (UDS, LDS) are 
not used in address decoding, an individual PIA cannot be 
accessed. However, word operations on the MC68000 must 
begin access on an even address. Therefore, the user must 
take care to address the registers of the PIA with an even ad- 
dress. If individual access is desired, address lin e A3 could be 
shifted into the address decoding network and LDS a pplied 
to CS1 of UI4 through an inverter. Likewise, UDS could 
then be applied to CS1 of U15 through an inverter. This 
would result in the memory map shown in Figure 5. 

PERIPHERAL CONTROL LINES 

The configuration and labeling of the peripheral control 
lines (CA1, CA2, CB1, CB2) for the PIAs in Figure 1 is for a 
16-bit input port (A sides of each PIA) and a 16-bit output 
port (B sides) each programmed for handshake operation. 
Any of the other configurations of these control lines is 
possible. The most desirable configuration will depend on 
the type of peripheral equipment being interfaced and its ap- 
plication. A typical initialization routine for the configura- 
tion shown in Figure 1 is given in Figure 6. 



Pin 6, U11B 
CS 

VMA 




Pin 23, U14 and U15 



74LS04 



Note: When VMA is used, AS should be disconnected from the CS 
decoding (Figure 1, U11B) and that input is tied active. 

Figure 4. Synchronous Interface Circuitry 



18000 



18001 



18002 



18003 



18006 



18007 



Peripheral Data/DDRA 
Peripheral Data/DDRA 
CRA 

CRA 

Peripheral Data/DDRB 
Peripheral Data/DDRB 
CRB 
CRB 



(U15) 
(U14) 
(U15) 
(U14) 
(U15) 
(U14) 
IU15) 
(U14) 



Figure 5. Alternative Memory Map 



MODES OF OPERATION 

The PIAs may be operated in one of two basic modes, 
polled or interrupt driven. Polling can cause excessive execu- 
tion time overhead when more than just a few peripherals are 
on the bus, so interrupts are usually an attractive alternative. 
There are many ways to run an interrupt driven system, 
especially on the MC68000 which has seven priority levels of 
interrupt and can handle up to 192 unique user interrupt vec- 
tors. The MC680O0/MC6821 interface yields four interrupt 
request lines giving a high degree of versatility for interrup- 
ting, regardless of the prioritizing scheme used or whether 
the PIAs are configured as 8-bit ports, 16-bit ports or a com- 
bination of both. 

32-BIT PORTS 

If address line Al is allowed to drive RSI and address line 
A2 drives RS0, then the peripheral data registers for the two 
PIAs will occupy four consecutive locations of memory 
beginning at $18000. This location may be used as a 32-bit in- 
put or output port. Control register A would be located at 
$18004 and control register B would be at $18006. Keep in 
mind that these last two registers are each 16 bits wide, as 
shown in Figure 7. The 32-bit port could be accessed with 
long word attribute op codes such as: 

MOVE.L $18O00,D0 

CONCLUSION 

Two PIAs provide an excellent parallel I/O port for the 
MC68000 and are easily interfaced to the standard asyn- 
chronous bus. If B series parts are used, the PIAs may be ac- 
cessed at effective rates of greater than 1.0 megahertz. 
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COLOR GRAPHICS FOR THE MC68000 
USING THE MC6847 



Prepared by: 
Rex Davis 
Microprocessor Applications Engineer 



Color graphics can be a valuable addition to a variety of 
MC68000 applications. Typically, color graphics circuits are 
expensive and complicated. These same color graphics cir- 
cuits generally have limited capabilities and are very hard- 
ware intensive. The MC6847 Video Display Generator 
(VDG) offers a low cost, versatile, easy to use alternative. 

The VDG creates a composite video signal according to in- 
formation read from the display memory in the mode defin- 
ed by the VDG control pins. The composite video signal can 
be used to modulate the input of any commercially available 
color or black and white television receiver. The VDG has 12 
distinct display modes available and allows certain variations 
within certain modes. All display modes and their variations 
are controlled by the state of eight different VDG pins. The 
eight display mode pins give the user the ability to combine 
display modes within a single display frame, e.g., 
alphanumerics and a compatible graphics mode. 

The 16-bit data bus of the MC68000 can be used to give the 
user full control of all VDG display modes on-the-fly. This 
additional control over the VDG display modes, combined 
with the ability of the MC68000 to manipulate data through 
its extended arithmetic capabilities and its ability to move 
blocks of data quickly and efficiently, gives the user the 
capability to monitor and display changing data quickly and 
efficiently as might be necessary in commercial, industrial, or 
scientific applications. The MC68000/MC6847 interface 
described in this application note, or a variation of it, could 
be used in a typical application. 

BASIC IMPLEMENTATION 

Since the display information for the VDG is stored in 
memory, the MC68000 can alter the display by changing the 
contents of that memory. The MC68000/MC6847 interface 
then becomes a shared-memory interface. The primary prob- 
lem then becomes a matter of guaranteeing that memory is 
accessed by only one device at a time. Figure 1 is a block 
diagram of the MC68000/MC6847 interface. 

The MC68000 is buffered from the display memory by 
three-state buffers and transceivers which are active only 
during a processor access of display memory. During a pro- 
cessor access, the VDG address bus is forced to a high- 



impedance state. Display memory is only 12 bits wide, and a 
4-bit latch is used to capture data for some of the VDG con- 
trol pins. Not all of the VDG display modes may be used in 
the same frame without some additional attention by the 
user; however, the latch could be replaced with an additional 
6K by 4 bits of memory. A data transfer acknowledge 
(DTACK) signal is generated so that either fast or slow 
memory can be efficiently used. 

CIRCUIT DESCRIPTION 

A schematic diagram of the MC68000/MC6847 interface is 
given in Figure 2. The select circuitry is formed around two 
SN74LS138 l-of-8 decoders. If the MC68000 accesses any of 
the 6K of memory, pin 8 of the SN74LS21 outputs a signal 
which switches the display memory bus from the VDG to the 
MC68000. First, the VDG address bus is put into a high- 
impedance state. Next, SN74LS138-2 is deselected so that on- 
ly the memory selected by the MC68000 is accessed. Finally, 
the data and address buffers connect the MC68000 address 
and data bus to the display memory. If the MC68000 is not 
accessing memory, then the MC68000 is isolated from the 
display memory by placing the data and address buffers in 
the high-impedance state. Decoder SN74LS 138-2 is selected 
and accesses the display memory required by the VDG. The 
VDG is then released to scan the memories (MCM2114) for 
display information. 

In order to guarantee that no incompatible display modes 
are used within the same scan frame, only the last data write 
to any even memory location can alter the latch; therefore, 
the VDG will always read the same data from the SN74LS75 
latch between MC68000 writes to the display memory. 
However, the user could still adversely affect the display if 
the MC68000 writes occurred within the VDG display scan. 
The frame sync pin of the VDG is low when the VDG is not 
in the active display window and could be used as an inter- 
rupt or polled to determine when the MC68000 can safely 
write t o the disp lay memory. 

The DTACK signal is generated by the SN74LS95 shift 
register and is necessary for the completion of any MC68000 
display memory access. The shift register will add two addi- 
tional wait states for each successive output; i.e., Ql gives 
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two wait states, Q2 gives four wait states. Output QO will give 
no wait states. Table 1 lists the two critical memory specifica- 
tions: data setup time and access time and the shift register 
output necessary to guarantee operation. 

Typically, access time is the more critical specification. 
Output Ql was chosen to be used with the MCM21 14-30 
(300 ns access time) memories used in this application 
although faster or slower memories could have been used. 
The speed of the display memory determines the rate at 
which data can be moved into the display memory. Other 
factors determining the speed of the data transfer are: the 



method used to determine when the VDG is out of the active 
display area; and the software routine used to move the data. 

CONCLUSION 

The MC68000/MC6847 interface described in this applica- 
tion can be expanded or limited, according to the user's ap- 
plication, with relative hardware ease. Any approach of 
shared memory could be used as long as no bus conflicts 
result. Even the simple approach taken in this application 
results in a powerful, low cost color graphics system for the 
MC68000. 



Table 1. Required Shift Register Output 
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Figure 2. MC68000/MC6847 - Schematic Diagram 
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SOFTWARE REFRESHED MEMORY CARD 
FOR THE MC68000 

Prepared by: 
Duane Graden 
Microprocessor Applications Engineer 



This application describes the hardware and software to 
implement a software-refreshed, dynamic memory card for 
use in an eight megahertz MC68000 system. This refresh ap- 
proach consumes less than five percent of processor time. 
The MCM41 16 16K RAM was chosen for this design, but the 
techniques discussed are applicable to the MCM6664 64K 
RAM as well. 

Refresh techniques fall into two categories, hardware and 
software. Hardware refresh is more component intensive 
with little or no overhead in program time, while software 
refresh has less hardware and more program overhead. 

Hardware refresh means that the required circuitry must 
refresh the dynamic RAM cell with little or no impact on ex- 
ecution of instructions by the processor. Normally, this 
means accessing the address bus during a dead part of the cy- 
cle. Another drawback is the complex circuitry, usually re- 
quiring the use of expensive delay lines. 

Software refresh means that the processor must execute a 
software routine to refresh dynamic memory. To accomplish 
this, an interrupt service routine, such as the level seven inter- 
rupt service routine on the MC68000, can be dedicated to 
refresh the memory. Every time the interrupt is recognized, a 
hardware enable allows the refresh routine to refresh the 
dynamic RAM. 

TIMING SIGNALS 

Timing requirements of MCM4116 RAMs and the 
MC68000 are easy to match because of the asynchronous 
nature of the MC68000 bus structure. The MC68000 can wait 
for the slowest RAM th rough the use of the d ata traris fer 
acknowledge (DTACK) signal. As long as DTACK is 
asserted a setup time before the falling edge of any clock 
state (S4 or later), it will be recognized during that state. 
Termination of the access is 1 Vi clock periods later. Figure 1 
is a timing diagram for a read, write, and refresh operation. 



The RAS and CAS signals are the row address and column 
address multiplex control inputs, respectively, for the seven 
memory address lines Al through A7. Since no ch ip select in- 
puts are present with this dynamic memory, RAS is the active 
low signal that starts a memory access cycle. When RAS 
falls, the row address of the location to be ac cesse d is latched 
into memory. Similarly, the falling edge of CAS latches the 
column address into memory. 

The refresh cycle shown in Figure 1, is known as RAS-only 
refresh. Row address select is low, CAS is high, R/W does 
not matter, and the row address of the row to be refreshed is 
present on the seven address lines. Each row of memory re- 
quires a refresh cycle to be performed every two milliseconds 
for data to be retained. For the MCM41 16 memory, there are 
128 rows and, therefore 128 refresh cycles required every two 
milliseconds. 

HARDWARE DESCRIPTION 

Figure 2 is the schematic diagram for a dynamic memory 
card using MCM41 16 memories. This card, when used with a 
MC68000 system, provides 64K bytes of memory from 32K 
to 96K of the physical address map. 

Memory decoding is done with the upper and lower data 
strobes and address lines A15 and A 16. The data strobes 
divide the memory into even and odd blocks, respectively. 
The upper data strobe chip selects even bytes from 32K to 
96K by activating a row address select upper (RASU) signal. 
Address lines A15 and A16, through decoder U2 and gate 
U4, decode whichever of the two banks of even memory 
(RAS1U or RAS2U) is selected. Similarly, the lower data 
strobe activates a row add ress s elect lower (RASL) signal. 

Column address select (CAS) is activated on the seco nd 
falling edge of the eight m egahe rtz c lock after RAS is 
asserted by flip flop U9. Both RAS and CAS are turned off 
when the data strobes are inactive. 
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Figure 1. Read, Write, and Refresh Timing Diagrams 
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Multiplexed addresses for the dynamic memory are sup- 
plied by multiplexers U7 and U8. The row address on address 
lines Al th rough A7 is present on the memory address lines 
until RAS is asserted. On the next rising edge of the eight 
megahertz clock, the column address on address lines A8 
through A14 is on the me mory a dd ress l ines. The multiplexed 
address is valid only when RAS or CAS is present, making an 
enable for the multiplexers unnecessary. 

Memory refresh is controlled by Ul 1 , a MC6840 program- 
mable timer module (PTM). Once programmed, the PTM 
timer used (the PTM has three timers) causes a level seven in- 
terrupt every 1.9 milliseconds (2 milliseconds — routine ex- 
ecution time). This interrupt enables all four banks of 
memory for simultaneous refresh. 

Interrupts with M6800 type peripherals are handled with a 
reference to the internal vector table. Figure 3 is a schematic 
of the hardware used with the MC68000 to create a vectored 
interr upt (level one to level seven). The level present on the 
IPLO, IPL1, and IPL2 lines is checked against the interrupt 
level of the processor. If it is higher than the internal level, an 
interrupt sequence is started. The function code outputs will 
be high and address lines Al, A2, and A3 will be the vector 
number of the interrupt being serviced (in this case, all high). 
Now decoders Ul and U3 (Figure 1) decode th e leve l seven 
interrupt and generate valid peripheral address (VP A) to the 
MC68000 through U13 and U9. The assertion of valid 
peripheral address causes the internal vector table entry for 
level seven to be fetched and used as the starting location of 
the s ervice routine. At th e sam e time, U12 and U13 enable all 
RAS signals and disable CAS for refresh of the memories. 

OPTIONAL HARDWARE 

One situation may occur with the memory card where data 
might be lost. If the reset button is held closed too long, data 
could be lost. To prevent this, the circuitry shown in Figure 4 
can be added. This provides for a single E cycle reset which 
will retain the integrity of the stored data. 

When power is initially applied to the MC68000, a reset 
must occur for at least 100 milliseconds after the supply 
voltage has reached 4.75 volts for proper power-up reset. 
This means that a one shot or a resistor-capacitor combina- 
tion should be used to hold the clear pin of the flip flops at or 
below the logic low level (0.8 volts) for the required time. The 
E signal will clock the 2-bit counter twice. This presets flip 
flop U3, removing the system reset. On a non-powerup reset, 
the reset switch is closed, clocking a low into flip flop U3. 
Gate U4 provides debounce of the reset switch, allowing only 
one clock pulse into flip flop U3. Again, E will clock the 
counter removing reset. 

SOFTWARE 

Row address select-only refresh is the refresh method used 
in this application. It is accomplished by a hardware enable 
(level seven interrupt) and 128 NOPs for the service routine. 



The level seven int errup t being low enables all four RAS 
signals and disables CAS. Each NOP increments the address 
bus to provide the 128 row addresses (0 to 127) needed for 
refreshing all four banks of memory. Incrementing the ad- 
dress bus accesses and refreshes that row. 

However, this has one problem — reset. If a reset occurs 
just prior to an interrupt for software refresh, data could be 
lost due to a late or missing refresh cycle. This problem is 
solved by locating the software refresh routine at the beginn- 
ing of the re set code. A hardware enable for reset refresh 
enables RAS-only refresh in the same way that the level seven 
interrupt signal did for a normal refresh. In addition, the 
refresh at reset must load the stack with a valid return ad- 
dress, to return to when the return from interrupt (RTI) in- 
struction is executed at the end of the refresh routine. 
Figure 5 is a listing of this software with comments to docu- 
ment the reset refresh. 

Refresh is enabled at restart by U10 and U13. All RAS 
signals are on and all C AS signals are off. Like a normal 
refresh operation, CAS is enabled by the first access to 
memory after the refresh routine. Software refresh with the 
MC68000 is an efficient option to implement dynamic RAM 
without costly delay lines. The application presented here has 
only a five percent program time overhead. 
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Figure 3. Single-Cycle Reset Circuit — Schematic Diagram 
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PAGE 001 S68K .SA:0 



DATARl EQU $18005 
DATAR EQU $18007 
CTRL EQU $18001 
CTR2 EQU $18003 
PEA FIREUP **** 

* * LOAD STACK WITH 

* * USER INITIALIZATION 

* * AND STATUS REGISTER 

MOVE SR,D **** 

MOVE D1,-(SP) ***** 
MOVE,B #$FE,CTR2 * 

MOVE,B #$09, DATARl * INITIALIZE PTM TIMER 
MOVE,B #$47, DATAR * 
MOVE,B #$7D, CTRL ***** 

* 

* * LEVEL 7 INTERRUPT 

* * ENTRY POINT 



NOP 
NOP 
NOP 



****** 
* 
* 
* 



* 128 NOP'S FOR REFRESH 
* 



* 
* 

****** 



NOP 
NOP 
NOP 
RTE 

FIREUP ******* BEGINING OF USER RESET INITIALIZATION 



Figure 5. Program Listing 
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ASYNCHRONOUS COMMUNICATIONS FOR 
THE MC68000 USING THE MC6850 

Prepared by: 
Charles Melear 
Microprocessor Applications Engineer 



Interfacing the MC6850 Asynchronous Communications 
Interface Adapter (ACIA) to the MC68000 is easy due to the 
fact that the MC68000 has a special cycle to handle M6800 
peripherals. The ACIA data bus can be placed on either the 
upper or lower eight bits of the MC68000 data bus with 
equivalent results. Using the upper byt e imp lies an even ad- 
dress and use of the upper data strobe (UDS), and the lower 
byte i mplies an odd address and the use of the lower data 
strobe (LDS). In this application, the ACIA is placed on the 
lower byte of the data bus. 



INTERCONNECTIONS 

Enable (E) and R/W are connected to the corresponding 
pins of the MC68000. Several signals are generated to form 
chip s elects as shown in Figure 1. Valid memory address 
(VMA) from the MC68000 is an active lo w sign al (as opposed 
to active high for the MC6800) as well as LDS. The NOR of 
the two signals is used to develop CS1. The address 
SF3FFXX is generated by address lines A8 through A23 to 
enable a SN74LS154 four-to-sixteen line selector. Address 
lines A4 through A7 are used to generate a low output at 02 
of the SN74LS154 to be used for CS2 of the ACIA. Address 
line Al is used for the register select (RS)pin of the ACIA. 
This puts the ACIA status register at address SF3FF21 and 
the control register at address SF3FF23. If the ACIA has 
been placed on the upper byte, the addresses would be 
SF3FF20 and SF3FF22, respectively. To com plete the circuit, 
a signal called valid peripheral address (VPA) must be 
generated and returned to the MC68000 to indicate that a 



M6800 cycle is being executed. The SN74LS154 has two ac- 
tive low chip enable lines which are driven by the gates that 
form address SF3FFXX from address lines A8 through A23. 
Since the SN74LS154 always picks M6800 peri pher als, the 
two chip enable lines can be ORed to develop VPA. Since 
more than 16 peripherals could exist, it is best to make the 
device actually driving the VPA line an open collector output 
so that several gates can be wire ORed. 

OPERATION 

Operating the ACIA is relatively easy as shown in the flow 
chart given in Figure 2. Once the control register is set up, the 
status register is monitored for receive data register full 
(RDRF) and transmit data register empty (TDRE) indica- 
tions, as well as error signals and hands hake lines. The hand- 
shake lines such as request to send (RTS), clear to send 
(CTS), and data carrier detect (DCD) indicate which condi- 
tions are present so that the MPU can ascertain when 
transmission can occur. Once all conditions are ready, 
transmission or reception or both can begin. 

A sample program is given in Figure 3 that shows the 
MC68000 receiving a character from a terminal through the 
ACIA and then echoing that character back to the terminal. 
Essentially, the MC68000 checks to see that transmission and 
reception can occur. The status register is polled until a 
character is received. The character is read and then written 
back to the ACIA for transmission to the terminal as soon as 
the transmit data register is empty. Of course, any number of 
subroutines or additional code could be executed before 
looking for the next character from the ACIA. 
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Figure 1. MC6800 to MC6850 Interconnections 
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ACIABUG: MC68000 ASM REV= 1.1 - COPYRIGHT BY MOTOROLA 1978 



1 00000000 ORG $00000000 

2 00F3FF00 ACIASR EQU $O0F3FFO0 

3 00F3FF00 ACIACR EQU $O0F3FF00 

4 00F3FF02 ACIADR EQU $00F3FF02 

5 00F3FF02 ACIATR EQU $00F3FF02 

6 00020000 SYSTACK EQU $00020000 

7 00000008 RESET EQU $00000008 



8 000000 00020000 DC.L SYSTACK 

9 000004 00000008 DC.L RESET 

10 000008 13FC0003 

00F3FF00 MOVE.B #$03, ACIACR RESET ACIA 

11 000010 13FC0051 

00F3FF00 MOVE.B #$51, ACIACR INITIALIZE ACIA 

12 000018 103900F3FF00 ERROR MOVE.B ACIASR, DO GET STATUS 

13 00001E 0200007C AND.B #$7C,D0 MASK IRQ,TDRA,RDA 

14 000022 66F4 BNE ERROR ANY ERRORS? 

15 000024 08390001 

00F3FF00 READSl BTST #01, ACIASR 

16 00002C 66F6 BNE READSl 

17 00002E 103900F3FF02 MOVE.B ACIADR, DO READ CHARACTER 

18 000034 08390002 

00F3FF00 READS2 BTST #02, ACIASR IS TDRA SET? 

19 00003C 66F6 BNE READS2 LOOP IF MO 

20 00003E 13C000F3FF02 MOVE.B DO, ACIATR TRANSMIT CHARACTER 

21 000044 60D2 BRA ERROR START OVER 

22 END 

****** TOTAL ERRORS — 



SYMBOL TABLE 

ACIACR F3FF00 ACIADR F3FF02 ACIASR F3FF00 ACIATR 
ERROR 000018 READSl 000024 READS2 000034 RESET 

SYSTACK 020000 

Figure 3. ACIA Operation — Sample Program 
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SYNCHRONOUS I/O FOR THE MC68000 
USING THE MC6852 

Prepared by: 
James McKenzie 
Microprocessor Applications Engineering 



The MC6852 Synchronous Serial Data Adapter (SSDA) 
provides both a synchronous serial transmitter and syn- 
chronous serial receiver in a single, 24-pin device. Syn- 
chronous data communications is inherently more efficient 
than asynchronous data communications because each 
character need not be framed for error detection. Hence, 
synchronous data communications lends itself to higher data 
rates and applications which are synchronous in nature, such 
as serial communications between synchronous processors. 

The SSDA is particularly well-suited for data communica- 
tions applications involving byte-oriented protocols such as 
Bisync. Both the SSDA transmitter and receiver are interfac- 
ed to a single 8-bit bidirectional data bus. Data to be 
transmitted is loaded from the MPU data bus into a 3-byte 
FIFO on the SSDA. An 8-bit shift register is used to serially 
transmit data from the last FIFO location; parity may also be 
appended. Received data enters another 8-bit shift register 
where parity may be checked. Data from the shift register 
enters a 3-byte receiver FIFO which presents the data in 
parallel form to the MPU bus. 

The SSDA has five write-only registers which allow soft- 
ware selection of variables such as transmit/receive word for- 
mat, mode of synchronization, separate interrupt control 
configuration for transmitter and receiver, individual soft- 
ware reset for transmitter and receiver, and access to the 
transmitter data FIFO. Two read-only registers allow access 
to receiver data as well as a status register which has flags for 
the transmitter/receiver interrupts, transmitter/receiver error 
conditions and external sync control line status. 

Any series product of the MC6852 may be interfaced to the 
MC68000 as shown in Figure 1 . Typical timing diagrams for 
this interface (B part only) appear in Figure 2. 



ASYNCHRONOUS OPERATION 

Address Buffering and Decoding — Buffers U 1 , U2 and 
U3 buffer address lines Al through A16, as well as AS and 
R/W. This scheme is compatible with the MEX68KDM 
Design Module. All pin numbers shown on the left side of 
Figure 1 are for MEX68KDM/EXORciser bus pin alloca- 
tions. Other forms of buffering/termination may be used to 
suit the user's configuration. Gates U9, U11A, U10E, and 
U11B decode the address lines for address block $18000 to 
S1801F. The SSDA is located at $18009 (mirrored at $1800D) 
and $1800B (mirrored at $1800F). 



E Synchronization and RS Control — The continuous E 
signal which M6800 family peripherals require for operation 
will, in general, be asynchronous with MC68000 bus opera- 
tion and, therefore, asynchronous with respect to chip select 
(pin 6, U11B). Flip-flop U 13 serves to synchronize E with the 
chip select, supply chip se lect (CS) to synchronize the 
peripheral part, and return DTACK to the asynchronous 
MC68000. Chip select (pin 6, U12B) is passed to the 
peripheral on the first falling edge of E past the assertion of 
CS (pin 6, Ul IB). This guarantees that there will always be 
sufficient setup time for the synchronous peripheral. Data 
transfer acknowledge (pin 8, U13B) is returned and CS 
removed from the peripheral on the next falling edge of E. 
Chip select for the peripheral is inverted by U10C and 
NANDed with address line A3 (pin 8, U12C) to complete the 
decoding and drive CS on the SSDA. Register select (RS) on 
the SSDA is driven by address line Al. 
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Figure 1. MC68000/MC68B52 Interface — Schematic Diagram 



READ CYCLE (Typical) 
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Data Bus — The SSDA shown in Figure 1 is interfaced to 
the lower eight bits of the MC68000 data bus. Buffers U16 
and U17 are inverting bidirectional buffers which make the 
interface compatible with the MEX68KDM Design Module. 
They may be omitted in any system which does not have an 
inverted data bus. In this case, U5 and U6 will provide suffi- 
cient bus buffering. Latches U5 and U6 are transparent 8-bit 
latches with three-state outputs which govern the flow of 
data to and from the SSDA. Gates U12A and U10D ensure 
that data is channeled toward the SSDA except when AS is 
low, CS is high, and R/W is high which prevents contention 
on the MC68000 bus itself. Data is latched on the rising edge 
of CS ( pin 6, U12B) and held until the rising edge of 
DTACK. This ensures that valid data is present on the 
MC68000 bus until the completion of a memory read cycle 
even though the synchronous peripheral may already be 
deselected. The transparency of the latches allows adequate 
data setup time on a memory cycle. 

SYNCHRONOUS OPERATION 

The SSDA may also be operated on the M6800 peripheral 
control bus provided by the MC68000. This b us consists of 
enable (E), valid mem ory address (VMA), and valid 
peripheral address (VPA). If the user wishes to use this 
feature of the MC68000, the circuitry of Figure 3 may be 
substituted for U13, U12B, and U4A of Figure 1. Valid 
peripheral address is returned to the MC68000 when chip 
select is detected. An open-collector gate is used because 



VP A is a wire ORed signal. When the processor repsonds 
with VMA, the SSDA is selected. Enable (E) is derived from 
the system clock and provided directly by the MC68000. 
Therefore, if a clock frequency lower than eight megahertz is 
used, it may be desirable to replace U20A with an indepen- 
dent transmit/receive clock source to maintain high data 
transfer rates on the SSDA. 

In general, this interface is slower than the asynchronous 
one. 

PROGRAMMING THE SSDA 

Figure 4 contains a typical initialization routine for the 
SSDA transmitter/receiver circuit shown in Figure 1 . In this 
example, the SSDA is configured to transmit and receive 
7-bit characters with odd parity. The transmitter is pro- 
grammed to transmit sync code on underflow (transmitter 
FIFO empty) so as not to lose synchronization. The receiver 
is programmed to synchronize within two consecutive sync 
codes and to remove all sync characters ($80 in this case) that 
appear in the data stream. Interrupts from the receiver are 
enabled while transmitter availability and error detection 
must be checked by polling the status register. 

CONCLUSION 

The MC6852 is easily interfaced to the standard asyn- 
chronous bus of the MC68000 or the more conventional 
M6800 peripheral control bus. In either case, the MC6852 is a 
useful part in applications calling for synchronous protocol. 
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Pin 10, U21 



74LS04 



Note: When VMA is used, AS should be disconnected from the CS decoding (Figure 1, U11B1 and that input tied active. 



Figure 3. Synchronous Interface Circuitry 



268 



REP0RT52 KC6800P ASM REV - 1,8 - CDPYRIGH1 BY MOTOROLA 1978 



PAGE 



CO 



3 
') 

5 

6 

7 

£1 

9 
1 I) 
11 
12 
13 

IS 
16 
17 
1.8 
IV 

20 
21 

23 

2"! 0(100 0(1 

2S 1)0 00 013 

24 00001(1 

27 1)000113 

28 000020 

29 0000213 

30 00003(1 

31 

32 
33 





x 

X 




EQUATES 




00 083 


m 

OPENS 


EOU 


♦83 


OPENS SYNC CODE WITH TX/RX RErSI 


00(100003 


OPENS 


1 111) 


♦ 03 


OPENS CNTRU2 WITH TX/RX RESET 


001)0 013 


OPENS 


EQU 


♦ '13 


OPENS CNTRL.3 WITH TX/RX RESET 


001800V 


CNTRL1 


EQU 


♦18009 


LOCATION OF CONTROL REGISTER 1 


0001I300K 


CNTRL2 


EOU 


♦1B00B 


LOCATION OH CONTROL REGISTER 2 


000180UB 


CNTRL3 


EOU 


♦ 180(1 Ei 


LOCATION CIE CONTROL REGISTER 3 


1.(30 0E* 


IX 


EOU 


* 10008 


LOCATION OF TRANSMITTER FIFO 


00180(113 


RX 


EQU 


♦ 180 (IE: 


LOCATION OF RECEIVER FIFO 


(100113009 


STAT 


EOU 


♦ 1(3009 


LOCATION OF STATUS REGISTER 


0018008 


SYNC 


EOU 


♦ 1800E: 


LOCATION OF SYNC CODE: REGISTER 


(100 0(1 OEM 


ONE 


ECU.) 


•EM 


INITIALIZATION OF" CNTRL1 


0000006C 


TWO 


EQU 


♦6c: 


INITIALIZATION OF CNTRL2 


(1000 0000 


THREE 


EQU 


♦ do 


INITIALIZATION OF CNTRL3 


00 0130 


code: 

X 


EQU 


♦(30 


SYNCHRONIZATION CODE 




X 
X 




initialize: the: ssda 




0001)0000 




RORG 







13FC0 083 










00011300V 




move: . B 


♦OPENS rCNTRLl 


OPEN SYNC CODE 


13F r C0OI30 










(100 1. 130 0H 




MOVE.B 


♦CODE » sync 


WRITE SYNC CODE 


13F r C 01)03 










(1001.8009 




move: . & 


♦0PEN2»CNTRL1 


OPEN CONTROL 2 


13FC0OAC 










oooibooe:: 




MOVE . B 


♦TWOfCNTR1.2 


TSU . 7-BIT . ODE) PARIT Y r 1-ES Y TE , SM 


13FC0IH3 










(I001I300V 




move: . es 


*0P£N3»CNTRtl 


OPEN CONTROL 3 


13FC00OO 










OOOlBOOEi 




move.es 


♦THREE rCNTRL3 


2-CHARr INTERNAL. SYNC 


13E-C0 0EM 










0001(3009 


X 


MOVE: . El: 


♦OXEfCNTRLl 


open tx»r:i:e»strip sync 




X 
X 









e:t 



Figure 4. Initialization Routine 



AN-819 



PRIORITIZED INDIVIDUALLY VECTORED 
INTERRUPTS FOR MULTIPLE PERIPHERAL 
SYSTEMS WITH THE MC68000 

Prepared by: 
Rex Davis 
Microprocessor Applications Engineer 



Commercial and industrial microprocessor systems 
typically consists of a processor interfaced with some type of 
peripherals which, most of the time, require service from the 
processor. When a peripheral requires service, it flags the 
processor with an interrupt request. The processor will deter- 
mine if the interrupt is to be serviced by checking an interrupt 
mask. 

If the mask is not set, then the processor has an interrupt 
service timing requirement which, along with the data rate 
and interrupt frequency, can be used to determine the 
relative priority of each of the peripherals in the system. If 
two or more peripherals attempt to request service 
simultaneously, the relative priority of each peripheral deter- 
mines which peripheral receives service first. In order to 
minimize the risk of violating timing requirements of lower 
priority peripherals, the processor must quickly identify and 
service the current highest priority interrupt. The address of 
the service routine is contained in a vector; and every inter- 
rupt source should have a unique vector for its service 
routine. 

MC68000 INTERRUPT STRUCTURE 

Interrupt requests are input to the MC68000 through three 
pins which represent seven levels of interrupt priority and a 
quiescent state (no interrupt). The MC68000 status register 
contains a three-bit mask which only enables interrupts of a 
higher priority than the level represented in the three-bit 
mask. The interrupt mask can be modified under software 
control, thereby increasing user control of peripheral inter- 



rupt requests. The user's hardware generates an interrupt re- 
quest by encoding the peripheral interrupt into one of seven 
interrupt priority levels and driving the interrupt request lines 
with the three-bit representation of that priority level. 

Figure 1 is a flow chart of the MC68000 interrupt process. 
Interrupt requests are considered by the MC68000 to be 
pending until the completion of the current instruction ex- 
ecution. If, at that time, the priority of the pending interrupt 
is less than or equal to the current processor priority 
represented by the three-bit interrupt mask, then the next in- 
struction is executed. If the priority of the pending interrupt 
is greater than the processor priority, then interrupt excep- 
tion processing begins. During interrupt exception process- 
ing, the MC68000 places the level of interrupt priority on ad- 
dress lines Al, A2, and A3. These lines can be used to quick- 
ly determine which group of peripherals might have 
generated the interrupt request. Simultaneously, the function 
code outputs (FC0-FC2) are set to indicate an interrupt 
acknowledge (IACK) which flags the user hardware that ex- 
ception processing has begun. The MC68000 architecture 
uses the first 1024 bytes of memory for vector storage. 

Any exception to free-running operation, such as an inter- 
rupt, has a vector stored at a unique location in the 1024 byte 
exception memory map. Exceptions other than interrupts, in- 
clude reset, system errors, software traps, and 
unimplemented instruction emulators, as shown in Table I. 
Since each vector, except reset, requires a 32-bit address, 
four bytes are required to store each vector. Reset is a special 
case which requires two 32-bit addresses or eight bytes of 
memory. 
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INTERRUPTING DEVICE 
Request Interrupt 
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Figure 1. MC68000 Interrupt Acknowledge Sequence — 
Flow Chart and Timing Diagram 
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'Vector numbers 12 through 14, 16 through 23 and 48 through 63 are reserved for future enhancements 
by Motorola. No user peripheral devices should be assigned these numbers. 

Table 1. Exception Vector Assignments 



The exception vector map can be divided into 255 unique 
vectors which can be represented by an eight-bit vector 
number. The vector number is not the vector; it is a pointer 
to one particular vector. During any exception processing, 
the MC68000 fetches the vector pointed to by a vector 
number. Each exception has a unique vector number which, 
for all exceptions except user interrupts is generated internal- 
ly by the MC68000. User interrupts require that the vector 
number be placed on the lower eight bits of the data bus dur- 
ing interrupt acknowledge. The addition of the vector 
number fetch requires the peripheral to supply only the eight- 
bit vector number instead of the whole 32-bit vector. 

The MC68000 allows two methods of interrupt vector 
number generation, internal or external. In order to generate 
the vector number internally, VPA is connected to IACK. In 
this moda, a unique vector number is generated for each in- 
terrupt priority level. This mode, called the autovector mode, 
is ideal for users requiring less than eight levels of interrupts 
or users with more than seven peripherals whose timing re- 
quirements are non-critical. 

For users with more than seven peripherals and whose tim- 
ing requirements demand service faster than possible with a 
software polling method, the MC68000 provides an addi- 
tional 192 interrupts which require external vecto r num ber 
generation. In this case, IACK is not connected to VPA; in- 
stead, it is used by external hardware to determine that a vec- 
tor number is needed by the MC68000 and to provide the 



proper v ector number and data transfer acknowledge 
(DTACK). 

In systems with only slightly more than seven possible in- 
terrupt sources, IACK is first sent to the highest priority 
peripheral and then daisy-chained to all remaining 
peripherals in order of priority. If any peripheral generates 
an interrupt, it must suppress IACK to all remaining 
peripherals and then place the vector number on the lower 
eight bits of the MC68000 data bus and assert DTACK. 
Systems that have a large number of interrupt sources and 
timing requirements too critical for software p olling can also 
generate the vector number and DTACK by the same 
method. However, since every peripheral must have the 
capability to generate these signals, redundant hardware is 
spread throughout the system making debug, modification, 
and maintenance difficult. Alternatively, all interr upt lines 
could be brought to a central location where both DTACK 
and the proper vector number could be supp lied. The ap- 
plication describes a system that will provide DTACK and 
the vector number for up to 192 possible interrupt sources. 

VECTOR NUMBER GENERATION 

The 192 user interrupt vectors are referenced by sequential 
vector numbers 64 through 255. Therefore, if fewer than 193 
interrupts are required, each interrupt can be assigned a 
unique vector number which can also be interpreted as a 
priority. Vector number 64 can be assumed to have the 
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lowest priority and vector number 255 the highest. The 192 
levels of externally-generated priority can be represented by 
eight bits (00000000-10111111). The vector number is the 
externally-generated priority offset by 64; the vector number 
can be generated by encoding the interrupt to its priority and 
then adding 64. This is essentially the same format that is us- 
ed in the autovectors. 

Figure 2 is a block diagram of such a system. All circuitry, 
except the processor, can be located in one area rather than 
spread throughout the system. Note that two sets of latches 
have been inserted to guarantee that no interrupts are lost 
and that the vector number that is placed on the data bus is 
the result of only one interrupt. Otherwise, if an interrupt re- 
quest is generated during interrupt acknowledge, it could 
cause the vector number to be in a state of transition when 
the MC68000 is attempting to latch the vector number from 
the data bus. Latch number one prohibits any new interrupts 
from being accepted until the vector number has been 



latched by latch number two. Latch number two isolates the 
vector number from the data bus until IACK is asserted. 
After a delay sufficient to allow the vector number to prop- 
agate to latch number two, latch number one is released to 
allow new interrupts to be accepted. 

IMPLEMENTATION 

The circuitry shown in Figure 3 performs all the tasks 
necessary to provide vector numbers for up to 192 possible 
interrupt sources. The 192 interrupt request lines are divided 
into 24 groups of eight which are input through a SN74LS373 
octal. latch to a SN74LS148 8-to-3 encoder. The SN74LS148 
encoders are daisy-chained so that each stage can disable all 
succeeding stages which effectively prioritizes the interrupts 
by group. Within each group, interrupts are prioritized into 
eight levels which the encoder represents with a three-bit en- 
coded number on lines AO, Al, and A2. 
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Figure 2. Vector Number Generation Circuit — Block Diagram 
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interrupt Inputs 6* to 1 




Figure 3. Vector Number Generation Circuit — Schematic Diagram 



The AO line from each of the 24 groups is NANDed to 
form the AO of the vector number. The Al and A2 lines are 
handled in an identical manner. Bits 3 and 7 of the encoded 
interrupt are made by NANDing selected GS outputs of the 
encoders. Bits 6 and 7 of the vector number differ from bits 6 
and 7 of the encoded interrupt because of the offset of 64. 

After the vector number has had sufficient time to prop- 
agate, a second SN74LS373 octal latch is used to capture the 
number and allow the latches in the 24 interrupt group to be 
released to accept new interrupt requests. The delay, imposed 
by a SN74LS95 four-bit shift register to latch the vector 
number, assumes that all 24 groups are implemented and the 
MC68000 is running at eight megahertz. Timing re- 
quirements can be derived from Figure 4. 

A final SN74LS148 is used to encode the three-bit inter- 
rupt requests to the MC68000. The inputs to this encoder are 
the GS outputs of the SN74LS148 encoders from any group 
of interrupts. The group providing the GS output and all 
preceding groups can activate the level to which the GS out- 
put is input. However, GS outputs of preceding groups 
which are input to a higher level in the final SN74LS148 will 



effectively disable the lower level interrupt request. 

If R9M or T6E mask types are used in the system, then the 
seven levels of interrupts must be latched before encoding on 
the rising edge of the processor clock . The latch is necessary 
to synchronize the interrupt request lines. 



VARIATIONS 

The following variations to the system given in the applica- 
tion can be considered in light of specific system re- 
quirements: 

1. Flip-flops could be inserted on each group to latch an 
edge-type interrupt input. 

2. The level of interrupt that initiated exception processing 
could be decoded from address lines Al, A2, and A3 of 
the MC68000. 

3. If vector numbers reserved for other functions, e.g., 
TRAPS, auto vectors, are unused; then they could be 
used for user interrupts. However, observe caution 
when using any reserved vector numbers. 
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Introduction 

This application note discusses hardware considerations 
which must be applied to any Direct Memory Access (DMA) 
design used with the MC6809 Microprocessor Unit and the 
MC6844 Direct Memory Access Controller (DM AC). Addi- 
tionally, any circuit using the DMAC requires some form of 
"dead-cycle" protection during the time in which the bus 
control is being transferred from processor to DMAC and 
back. It is assumed that the user has an intimate knowledge 
of M6800 Family processors and peripherals; and, in general, 
the concept of DMA. Figure 1 contains a block diagram 
showing an application for the MC6844 DMAC used with 
the MC6809 MPU. For additional DMA or microprocessor 
information, refer to the respective data sheets and the 
MC6809 Users Manual. 

MC6809 Requirements 

DMA design, using the MC680 9, is made eas ier by the in- 
clusion of the D MA/Bus reque st (DMA/BREQ) feature on- 
chip. When the DMA/BREQ line is asserted, the MC6809 
relinquishes control of the bus by: (1) setting its address, 
data, and control lines to the high-impedance state; and (2) 
transferring control to the DMAC by asserting a Bus Grant 
signal (BA= 1 and BS= 1). This DMA/Bus request feature 
has timing constraints which must be considered by the 
designer in order to stay wit hin published specifications. 

As shown in Figure 2, the DMA/BREQ signal must occur 
at least tpcsD before the falling edge of E. This guarantees 
that the transfer be gins on the ne xt falling edge of the E 
clock. In addition, DMA/BREQ must not be allowed to 
change during the last 120 ns of this E cycle. If this timing is 
violated, the MC6809 could enter an undefined state. A 
simple sync circuit can be made, using a D-type flip-flop as 
shown in Figure 3. This circuit causes all bus transfer re- 



quests to be synchronized with Quadrature Clock Q. 
Although the MC6844 is shown as an example throughout 
the application note, the same conditions must be followed 
when using the MC6809, regardless of the DMAC used. 

DMA Dead-State Protection 

Most DMA circuits have inherent properties (such as noise 
susceptibility) which causes difficulty in the exchange of bus 
control. The high-impedance approach (using three-state 
buses) has particular constraints in the area of address tim- 
ing. Refer to Figure 4. When the MPU places its lines into the 
high-impedance state (relinquishes the bus) and before the 
DMAC assumes control of the bus, there is a period of time 
in which the bus lines are not driven. During this "exchange 
of bus control" time, the bus lines are extremely susceptible 
to noise. This condition could cause unwanted reads and 
writes during the bus control transfer. To alleviate this condi- 
tion, a means of protecting memories and peripherals during 
transfer must be provided. 

One meth od to provi de this protection is to generate a 
signal called DMAVMA, as shown in Figure 5. This signal 
line (Direct Memory Access Valid Memory Address) is then 
used as one of t he inputs f or the memory decoding scheme. 
Thus, when the DMAVMA line goes high, the memory can- 
not be enabled. The DMAVMA signal is the result of Bus 
Grant or DMA Grant (DGRNT, BA=1 BS=1) being ap- 
plied to an Exclusive OR; one direct input and one delayed 
input. As long as DGRNT does not change, DMAVMA is 
low and the system decoder is functional. When the MPU 
relinquishes the bus (places its lines in the high-impedance 
state) BA and BS both go high, causin g DGRNT to change to 
a high. The DGRNT high causes the DMAVMA line to go 
high until the next E-clock negative edge clocks the 74LS74 
(both Exclusive OR inputs become equal): causing the 
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DMAVMA line to again go low. Thus, during the time 
shown as "DEAD" in Figure 4, the system cannot be enabl- 
ed and the memories and peripherals are protected during the 
exchange of bus control. The above description pertained to 
a change f rom MPU to DMA. However, in Figure 4 the 
DMAVMA goes high for a corresponding time when the 
change is from DMA to MPU with one exception: the 
DGRNT signal change is from high-to-low; but, the effect on 
the Exclusive OR is the same. 

One consideration is that the actual time when DMAVMA 
is high is not sufficient to provide full protection during the 
entire bus transition time. This is because the logical function 
Bus Grant (BA'BS", DGRNT in Figure 4) occurs 
simultaneously with the high-impedance transition of the ad- 
dress and control bus (see (T) of Figure 4). Howev er, a 
period of 20 to 30 ns could elapse before DMAVMA goes 
high, resulting from propogation delay through the logic 
elements. During this 20-30 ns time, the memory is still func- 
tional but addresses are invalid; therefore, spurious 
read/write complications may be possible with some 
memories. One solution to this problem would be to enable 
the memory decoding with the E clock. One benefit of this is 
that most decoding must be synchronized with the falling 
edge of E anyway, since all data transfers occur then. One 
negative aspect to this is that the maximum memory access 
time is shortened to 450 ns (E high time). 

Another solution (more oriented toward lengthening ac- 
cess time) would be to protect the memory, starting at the 
falling edge of E and continuing only throughout the 20-30 



ns propogation delay period that the bus is unprotected. 
Since this unprotected state cannot be detected before the 
Bus Grant is sent, this period should be protected during 
every cycle. Then if a reque st occurs, an d that cycle is a high- 
impedance (dead) state, the DMAVMA signal will cause pro- 
tection to extend to the end of that cycle. A convenient 
period of time to use for that additional "pre-transition" 
protection is the first full quarter-cycle of E. The length of 
that signal (Figure 4) is long enough to cover the address 
change time (200 ns maximum) and still be short compared to 
the remaining 750 ns of cycle time. (Since the addresses are 
not guaranteed until 200 ns after falling E, and a 30 ns delay 
in bus transition is inherent, only 20 ns typically is lost in 
memory access time with this signal.) This first-quarter cycle 
signal, called FQ (Figures 4 and 6), enters the d e-enable path 
through th e OR gate along with DMAVMA. It will keep 
DMAVMA' high during the first quarter of all cycles. 

If the designer already uses fast memories, the decoding 
can be enabled with the E clock. This method does cut access 
time to 450 ns for all parts, but if this is a more cost effective 
solution, it will protect the bus during the entire first half of 
each cycle. This should cover the exchange of control during 
all DMA dead-states (this method could be used with some 
peripherals due to address setup times). 

These interface procedures should be used with all DMA 
systems, and in particular with the MC6844 and MC6809. 
DMA does require exact timing and bus protection, and 
these methods will fulfill those requirements. 
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CBUG05 DEBUG MONITOR PROGRAM 

FOR 

MC146805E2 MICROPROCESSOR UNIT 

Prepared by 
Rex Davis 
Microprocessor Applications Engineer 



1, INTRODUCTION 

CBUG05 is a debug monitor program written for the 
MC146805E2 Microprocessor Unit and contained in the 
MCM65516 2K x 8 CMOS ROM. CBUG05 aUows for rapid 
development and evaluation of hardware and M6805 Family 
type software, using memory and register examine/change 
commands as well as breakpoint and single instruction trace 
commands. CBUG05 also includes software to set and 
display time, using an optional MCI 468 18 Real-Time Clock 
(RTC), and routines to punch and load an optional cassette 
interface. Figure 1 shows a minimum system which only re- 
quires the MPU, ROM, keypad inputs and display output in- 
terfaces. Port A of the MC146805E2 MPU is required for the 
I/O; however, Port B and all other MC146805E2 MPU 
features remain available to the user. A possible expanded 
system is shown in Figure 2. The memory map is shown in 
Figure 3. Locations $1700-$173F are available to the user if 
the optional MC146818 RTC is not used. 



FEATURES: 

• MC146805E2 Eight-Bit CMOS MPU 

• Expandable Multipled Address/Data Bus 

• Eight-Bit I/O Port 

• Eight-Bit Timer with Prescaler 

• Maskable External Interrupt 

• 16 Levels of Subroutine Nesting 

• Minimum of 38 Bytes of Unused Internal RAM 

* MCM65516 2K X 8 CMOS with CBUG05 

• Memory and Register Examine/Change 

• Breakpoints and Single Instruction Trace 

• Branch Offset Calculation 

• Set/Display Current Time (w/optional MC146818 

Real-Time Clock) 

• Punch/Load/Verify Cassette Tape (w/optional 

cassette tape interface) 

• Stop Command for Low-power Software Standby 

• Software Alterable Interrupt Vectors 



MC146805E2 

B0-B7 

A8-A12 
AS, DS, R/W 



PA4-PA6 



PA0-PA3 



-7^ 



-f 1 



MCM65516 
AD0-AD7 
A8-A12 
M, DE. CE 



MC14028 
A, B. C 



Rows 



Keypad 



Columns 




BP 


LCD 


FP 





Figure 1. Minimum CBUG05 System 
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ro 

r 



^ PB0-PB7 ^ Fc 



IRQ 
TIM 



RESET 



MC146805E2 
MPU 



PA6 



For User 



Cassette 

Load 
Interface 



From Cassette Recorder 



■ From User Hardware 



A8-A12, AS, DS, R/W 



MCM65516 
ROM 



c 



MC146818 
Real-Time 
Clock 



3T 



Address 
Decode 



3 



Additional 
Memory 



3T 



B0-B7 



PA4-PA6 



V 



3-10-8 
Decoder 



Q1-Q6 ^ 



6x4 
Keypad 

Rows 

Columns 



Data 

MC145000 
Clock 




BP1-BP4 \ 




FP1-FP12 ) 






Cassette 
Punch 
Interface 



Additional 
Peripherals 



To Cassette 
Recorder 



Figure 2. Expanded CBUG05 System 



Access 

Via 
Page 
Direct 
Addressing 



1 



5887 



5951 
5952 



6143 
6144 



Interrupt 
Vectors 



-8191 



I/O Ports 
Timer 
RAM 



External User 
Memory 
Space 
(5632 Bytesl 



MC146818 RTC 
(Optional Bytes) 



External User 
Memory Space 
(192 Bytes) 



MCM65516 
CMOS ROM 
(2048 Bytes) 



Timer Interrupt From Wait State Only 
Timer Interrupt 



External Interrupt 
SWI 
RESET 



$0000 



$0100 



$173F 
$1740 



$17FF 
$1800 



S1FF5 

$1FF6-$1FF7„ C 
| 45 

$1FF8-$1FF94£ 

$1FFA-$1FFB 
I 

$1FFC-$1FFD 

$1FFE-$1FFF 

127 



Port A Data 



Port B Data 



External Memory Space 



External Memory Space 



Port A Data Direction 



Port B Data Direction 



External Memory Space 



Memory Space 



Timer Data 



Timer Control 



External Memory 
Space 



Internal 
User 
RAM 
(39 Bytes) 



CBUG 05 
Working Storage 
(Reserved 41 Bytesl 



/ Stack (32 Bytes Max) 



$0000 
$0001 
$0002 
$0003 
$0004 
$0005 
$0006 
$0007 
$0008 
$0009 
$000A 



$0O0F 
$0010 



$0036 
$0037 



$005F 
$0060 



$007 F 



Figure 3. Address Map 



2. CBUG05 COMMAND DESCRIPTION 

Commands are entered in one of two ways: 
(1) If the command requires no additional user input, then 
only the command key need be depressed; e.g., TR 
(CBUG05 will execute one instruction), and (2) If the com- 
mand allows additional user input then the ENT key is used 
to enter the users input. 

ESC will allow exit from all commands except STOP, V, 
L, & P once the ending address is entered. 



1) 


RS 


— Reset MC146805E2 


2) 


P 


— Punch cassette tape 


3) 


L 


— Load cassette tape 


4) 


V 


— Verify cassette tape against memory 


5) 


ST 


— Set current time 


6) 


DT 


— Display current time 


V) 


OFF 


— Calculate branch offset 


8) 


BP 


— Set/display breakpoints 


9) 


BCL 


— Disable one or all breakpoints 


10) 


TR 


— Execute one instruction 


11) 


GO 


— Begin program execution 



12) PC 

13) AR 

14) XR 

15) CC 

16) SP 

17) M 

18) STOP 



RS 



-1) 
2) 



STOP — 1) 
2) 



— Display user program counter 

— Examine/change user accumulator 

— Examine/change user index register 

— Examine/change user condition code register 

— Display user stack pointer 

— Examine/change memory contents 

— Put the system into a low power standby 
mode 

Automatic on power-up 
Press RS to: 

a) Return from STOP 

b) Return to monitor when program con- 
trol is lost 

MC146805E2 oscillator is halted reducing 
current requirements 
Command sequence: 

a) Press STOP 

b) Display will be cleared 
Place recorder into the record mode 
Press P 

'bA' will be displayed 



283 



4) 
5) 
6) 
7) 
8) 
9) 

L -1) 



3) 
4) 

V -1) 



3) 
4) 

ST —1) 
2) 



DT — 



OFF — 1) 
2) 



4) 



Enter beginning address BP — 1) 

Press ENT 2) 
'EA' will be displayed 
Enter ending address 
Press ENT 

Prompt ' = ' will be returned when punch is 
finished 

Command sequence 

a) Press L 

b) Display will be cleared 

c) Depress PLAY on recorder 

Valid loads will be followed by the prompt BCL — 1) 

Checksum errors are indicated by 'Err' 
Bad memory stores are indicated by display- 
ing the address of the bad memory. 

Command sequence 2) 

a) Press V 

b) Display will be cleared 

c) Depress PLAY on recorder 

If the compare is successful, the prompt ' = ' 
is returned 

Checksum errors are indicated by 'Err' 

If the compare is unsuccessful, the address of TR —1) 

the memory location is displayed 2) 
MC146818 is used 

Command sequence 3) 

a) Press ST GO — 1) 

b) '0000 A' will be displayed 

c) Enter time in a 12 hour format 

d) Press P for PM (AM is the default) 

e) Press ENT 2) 
Prompt ' = ' will be returned 

Press DT 

current time will be displayed if MC146818 
has been initialized 

Beginning and ending addresses point to the ^ 

instruction opcode addresses 

The opcode for the branch instruction must 

exist at the beginning address so the monitor 

can determine whether to do a bit branch or 

a conditional branch M — 1) 

Command sequence 2) 

a) Press OFF 3) 

b) 'bA' will be displayed 4 ) 

c) Enter beginning address 5) 

d) Press ENT 

e) 'EA' will be displayed 6) 

f) Enter ending address 7 ) 

g) Press ENT 
If valid: 

a) 'USE xx' will be displayed. 

b) xx will be loaded into beginning ad- 
dress +2 for bit branches and ad- PC —1) 
dress + 1 for conditional branches. 2) 

If not valid: 

a) Offset calculation result is displayed in 
2's complement and 'Or' (out of range) 
is displayed 

b) No change is made to instruction at 
the beginning address. 



Three breakpoints are available: 0, 1, 2 
Command sequence 

a) Press BP 

b) Breakpoint will be displayed 

c) 'bOFF 0' wil be displayed if break- 
point is disabled 

d) Enter new breakpoint address if 
desired 

e) Press ENT 

f) Next breakpoint will be displayed and 
open for entry 

Disable all breakpoints 

a) Press BCL 

b) 'bCl' will be displayed 

c) Press ENT 

d) Prompt ' = ' will be returned 
Disable only one breakpoint 

a) Press BCL 

b) 'bCl' will be displayed 

c) Enter the number of the breakpoint to 
be disabled 

d) Press ENT 

e) Prompt ' = ' will be returned 
Press TR 

The instruction located at the user PC will be 
executed 

New user PC will be displayed 
If breakpoints are enabled, the instruction at 
the breakpoint address will be executed and 
the PC of the next instruction to be executed 
will be displayed 

Continue execution with the instruction at 
the user PC 

a) Press GO 

b) Current user PC is displayed 

c) Press ENT 

Begin execution at new address 

a) Press GO 

b) Current user PC is displayed 

c) Enter the new PC address 

d) Press ENT 
Press M 

Last address will be displayed 
Enter new address if desired 
Press ENT 

Address and contents of the address will be 
displayed in format 'aaaa xx' 
Enter new contents if desired 
Save (use one) 

a) Press ENT (next address and contents 
will be displayed) 

b) Press M (previous address and con- 
tents will be displayed) 

Not alterable 
Command sequence 

a) Press PC 

b) Current user PC displayed in format 
'aaaa PC 
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AR 



-1) 
2) 



XR 



-1) 
2) 



CC 



-1) 
2) 



Alterable 

Command sequence 

a) Press AR 

b) Current user accumulator contents dis- 
played in format 'ACCA xx' 

c) Enter new data if desired 

d) Press ENT 

e) Prompt ' = ' will be returned 
Alterable 

Command sequence 

a) press XR 

b) Current user index register contents 
displayed in format 'Idr xx' 

c) Enter new data if desired 

d) Press ENT 

e) Prompt ' = ' will be returned 
Alterable 

Command sequence 

a) Press CC 

b) Current user condition code will be dis- 
played in format 

'COdE xx' 

c) Enter new contents if desired 

d) Press ENT 

e) Prompt ' = ' will be returned 
Not alterable 

Command sequence 

a) Press SP 

b) Current user stack pointer will be dis- 
played in format 'aaaa SP' 



3. INTERRUPT VECTORS 

At reset, CBUG05 sets up an extended JUMP instruction 
pointing to a default CBUG05 interrupt service routine for 
each of the three interrupt types. The vectors, of the three in- 
terrupt types, point to one of the three JUMP instructions. 
Since the JMP instructions are located in RAM, the use may 
alter the two-byte extended address within any of the JMP 
instructions. The location of the two-byte extended address 
for each interrupt type is listed in Table 1 . 



SP 



-1) 
2) 



Table 1. Alterable Vector Locations 



INTERRUPT TYPE 

EXTERNAL 
TIMER 

TIMER (FROM WAIT) 



ADDR 

$41 -$42 
$44- $45 
$47-$48 



4. MC145000 CMOS MULTIPLEXED LCD DRIVER 

The MC 145000 LCD Driver is designed to drive LCDs in a 
multiplexed-by-four configuration. It can drive up to 48 
LCD segments or six seven-segment plus decimal point 
characters. Data for each character is translated into a for- 
mat that is clocked serially from the MC146805E2 (MPU) to 
the MC145000 LCD Driver. The MC145000 LCD Driver 
continuously generates the multiplexed display signals, from 
the internally stored serial data, without further re- 
quirements from the MPU. 



The recommended display is a General Electric 
LXD69D7R09; an 8-digit, 7-segment multiplexed LCD with 
decimal point. The required connections to the MC145000 
LCD Driver are shown in Figure 4. 

LXD69D7R09 



FPU i 



FP12 « 



FP9 •- 



FP10< 



FP7 » 



FP8 l 



FP5 •- 



FP6 • 



FP1 •- 



32 



BP! 



AS 



B I 



B6 



BE 



Bl 



Figure 4. Liquid Crystal Display (LCD) Connections 

Each segment of a seven-segment plus decimal point 
character is represented by one bit of an 8-bit byte. Figure 5 
shows the relationship between a character segment and the 
bit number of the display byte (bit 7 is MSB and bit is LSB). 
A logical "1" in any bit will activate its corresponding seg- 
ment. Table 2 lists the hexadecimal code of some common 
seven-segment characters in display format. For example, the 
digit 5 is represented by $B5 (101 10101) which would activate 
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segments 0, 2, 4, 5, and 7. The decimal point is displayed by 
setting bit 3 of the display byte to a logical "1" (effectively 
adding eight to the display byte). Data in BCD or binary for- 
mat is translated by CBUG05, into the display format, using 
a lookup table. CBUG05 then left-shifts the character to the 
MC145000 via port A of the MC146805E2. 

Table 2. Display Format Conversions 

Displayed Display Format 
Digit Hex Code 

D7 

1 06 

2 . E3 

3 A7 

4 36 

5 B5 

6 F5 

7 07 

8 F7 

9 B7 
A 77 
b F4 
C Dl 
d E6 
E F1 
F 71 
P 73 
Y B6 
H 76 
U D6 
L DO 

blank 00 

- Idash) 20 

= (equal) AO 

n 64 

r 60 

° (degrees) 33 

NOTE: A Decimal Point can be added to all but the right-most display 
digit by setting b3 [segment (3)] to a 1 . 




Figure S. Display Digit Format 



Several display routines are available for the user. Figure 6 
describes the address, function, and use of these routines. All 
routines are called using a jump-to-subroutine (JSR) instruc- 
tion. Most display outputs are initiated by filling a display 
table with all six characters in the display format to be 
displayed, then calling a routine (DISTAB) to display the en- 
tire table. In other words, the whole display is rewritten every 
time any character change is made. The display table is called 
DTABL (locations $49-$4E) and occupies six consecutive 
bytes where DTABL (location $49) is the left most digit to be 
displayed. 

5. KEYPAD INPUT 

CBUG05 requires a 4x6 keypad such as is shown 
schematically in Figure 7. The six column lines are derived 
from a three-bit output from port A bits 4-6 driving a 3-to-8 
decoder. By using this method port B is saved for the user. 
Figure 7 shows the required layout of the 4x6 keypad and 
3-to-8 decoder. The keypad is continuously scanned for in- 
put. If an input is received, a 3075 MPU cycle debounce in- 
sures against spurious input. The required debounce time 
places a lower limit on the MPU clock frequency. At a 1 
MHz bus speed (5 MHz oscillator input), the debounce time 
is about 3 ms. With a 10 kHz bus speed (50 kHz time base in- 
put), the debounce time is about 0.3 seconds. Debounce 
times of approximately 60 milliseconds or more require the 
keys be held down a longer time than an operator is normally 
accustomed. 

Five routines are listed in Figure 8 of which two (COL- 
UMN and DEBOUNC) are branch routines and one is a 
look-up table (STABL). One of the other two routines, 
KEYSCN, checks for a keyboard input and, if valid, returns 
it to the accumulator in a column-row format. This format 
can then be converted to a hexadecimal number which cor- 
responds to the one key that was pressed (see STABL routine 
and Table 3). Note that hexadecimal numbers through F 
correspond to the keypad keys through F. The last routine 
of Figure 8, CHARIN, checks for a character and returns a 
hexadecimal number to the accumulator. 

6. CASSETTE TAPE OPTION 

The cassette tape option is included to allow for user pro- 
gram storage. Programs are stored in a modified bi-phase 
format (see Figure 9). The storage format used defines a zero 
as more than 300 MPU cycles between transitions and less 
than 300 MPU cycles between transitions. Data is punched 
with a start bit of one, eight bits of data and a zero stop bit. 
Tapes are punched with 16K zeros as a leader followed by a 
BOT and the ending and beginning addresses. The program 
is then punched followed by the checksum. Tapes are loaded 
after 256 consecutive zeros are read. The BOT then syn- 
chronizes the loading program. The ending and beginning 
addresses are loaded and data read and stored accordingly. 
Finally, the checksum is read and compared to the new com- 
puted checksum. 

Baud rates are determined by the MPU cycle time. The 
software is set up to provide a default baud rate of 2400 baud 
if a one microsecond cycle time is used. Cycle times greater 
than one microsecond will decrease the baud rate propor- 
tionally. 
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**************************************** 

* * 

* CLEAR DISPLAY TABLE * 

* * 

* X REG DESTROYED * 

* * 
**************************************** 



1DF5 AE 05 
1DF7 6F 49 
1DF9 5A 
1DFA 2A FB 
1DFC 81 



1DFD AE 05 

1DFF E6 49 

1E01 AD 09 

1E03 5A 

1E04 2A F9 

1E06 81 



1DF7 



A 
A 

1E0C 
1DFF 



CLRTAB LDX 
CLRLOC CLR 
DECX 
BPL 
RTS 



#5 

DTABL , X CLEAR SIX 

LOCATIONS IN 
CLRLOC DISPLAY TABLE 



**************************************** 

* * 

* DISPLAY TABLE CONTENTS * 

* * 

* A,X REGISTERS DESTROYED * 

* * 
**************************************** 
* 

DISTAB LDX #5 

DISCHR LDA DTABL, X LOAD DISPLAY 
BSR DISPLY TABLE INTO 

DECX 145000 
BP L DISCHR 
RTS 

* 

**************************************** 

* * 

* BLANK DISPLAY * 

* * 

* A,X REGISTERS DESTROYED * 

* - * 
**************************************** 



1E07 AD EC 
1E09 AD F2 
1E0B 81 



1DF5 
1DFD 



CLRDIS BSR 
BSR 
RTS 



CLRTAB BLANK 
DISTAB DISPLAY 



**************************************** 



SHIFT ONE CHARACTER INTO 
DISPLAY 



* A REGISTER DESTROYED * 

* * 
**************************************** 



1E0C 


BF 


50 


A 


DISPLY 


STX 


WORK1 


SAVE INDEX 


1E0E 


ID 


00 


A 




BCLR 


6, PORTA 


CLEAR DATA 


1E10 


AE 


08 


A 




LDX 


#8 




1E12 


48 






DIS1 


LSLA 




SET UP 


1E13 


24 


02 


1E17 




BCC 


DIS2 


BIT OF 


1E15 


1C 


00 


A 




BSET 


6 t PORTA 


ACCUMULATOR 


1E17 


IE 


00 


A 


DIS2 


BSET 


7, PORTA 


CLOCK 


1E19 


IF 


00 


A 




BCLR 


7, PORTA 


IT 


1E1B 


ID 


00 


A 




BCLR 


6, PORTA 


CLEAR DATA 


1E1D 


5A 








DECX 




COMPLETE? 


1E1E 


26 


F2 


1E12 




BNE 


DIS1 


NO 


1E20 


BE 


50 


A 




LDX 


WORK1 


RESTORE INDEX 


1E22 


81 








RTS 







Figure 6. Display Routines 
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1 
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2 
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v 
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Figure 7. 4 x 6 Keypad Schematic Diagram 
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Table 3. Keypad Cross-Reference 



KEYPAD 
CHARACTER 

(P.C.I 
F (AR) 
E (XRI 
D ICC) 



1 -- 

2 

3 

C 

4 

5 (BP) 

6 (B.CU 
B ITR) 

7 

8 iDT.I 

9 (ST.) 
A (OFF) 

P 
L 
V 

ENT 

ESC 
G 
M 
SP 



PORTA 
DATA 

11 
12 
14 
18 

21 

22 
24 
28 

31 
32 
34 
38 

41 
42 
44 
48 

51 
52 
54 
58 

61 
62 
64 



HEXADECIMAL ($) 
EQUIVALENT 


F 
E 
D 

1 

2 
3 
C 

4 
5 
6 
B 

7 
8 
9 

A 

17 
16 
15 
11 

10 
14 

13 
12 



Whatever baud rate is used, the cassette tape and recorder 
must have an upper frequency response 2-3 times the baud 
rate and a lower frequency response of 1/2 - 1/3 the baud 
rate to insure reliability. 

7. MC146818 REAL-TIME CLOCK (RTC) OPTION 

The RTC can be added to a system to provide time, data, 
periodic interrupt and many other user functions (see 
MC146818 ADI-856). The RTC time may be set and 
displayed using CBUG05 software; however, only the 
12-hour mode is available. The displayed time is updated 
once per second after polling the Update-In-Progress bit 
(U1P) for a zero. All MC146818 functions are available to the 
user. The CBUG05 software set and display time routines re- 
quire that a 4. 194304 MHz crystal be used; however, if power 
consumption is critical then either a 1.04576 MHz or 32.678 
KHz oscillator input could be used. The user would be re- 
quired to set-up the divider chain in the RTC for the par- 
ticular time base used. 

8. INTERNAL AND EXTERNAL MEMORY SPACE 

The internal memory space is located in the first 128 bytes 
of memory and contains the timer registers, I/O port 
registers, and 1 12 bytes of RAM. External memory can be 
mapped at the same addresses as the internal memory space. 
An MPU write to internal memory space is duplicated exter- 
nally; however, an MPU read of internal locations will result 
in only the internal data being recognized. This allows the 
user to map large memories externally without requiring that 
accesses to internal memory locations be excluded from the 
external memory, thus, simplifying external address 
decoding. 
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**************************************** 

* 

KEYPAD SCAN * 

* 

X REGISTER DESTROYED * 

* 

A REGISTER CONTAINS VALUE * 

* 

CARRY SET IF VALID OUTPUT * 

* 

**************************************** 
* 



1E23 


98 






KEYSCN 


CLC 






1E24 


4F 








CLRA 






1E25 


AE 


06 


A 




LDX 


#6 


SETUP 


1E27 


AB 


10 


A 


KEY1 


ADD 


#$10 


ROW 


1E29 


B7 


00 


A 




STA 


PORTA 




1E2B 


AD 


06 


1E33 




BSR 


COLUMN 


CHECK COLUMNS 


1E2D 


25 


03 


1E32 




BCS 


KEY2 


IF VALID GET OUT 


1E2F 


5A 








DECX 




ELSE TRY 


1E30 


26 


F5 


1E27 




BNE 


KEY 1 


NEXT ROW 


1E32 


81 






KEY2 


RTS 







* 

**************************************** 



* 

CHECK FOR KEY CLOSURE * 
WITHIN COLUMN AND DEBOUNCE * 

* 

A REGISTER CONTAINS VALUE * 

* 

CARRY SET IF VALID OUTPUT * 

* 

**************************************** 
* 



1E33 


B6 


00 


A COLUMN 


LDA 


PORTA 


READ KEYPAD 


1E35 


B7 


50 


A 


STA 


WORK1 


STORE IT 


1E37 


A5 


0F 


A 


BIT 


#$0F 


KEY CLOSED? 


1E39 


27 


19 


1E54 


BEQ 


COLRET 


NO GET OUT 


1E3B 


AD 


18 


1E55 


BSR 


DBOUNC 


ELSE DEBOUNCE 


1E3D 


B6 


00 


A 


LDA 


PORTA 


RE-READ KEYPAD 


1E3F 


Bl 


50 


A 


CMP 


WORK1 


SAME KEY CLOSED? 


1E41 


26 


11 


1E54 


BNE 


COLRET 


NO GET OUT 


1E43 


99 






SEC 




SET FLAG FOR VALID 


1E44 


B6 


00 


A COL1 


LDA 


PORTA 


KEY 


1E46 


A5 


0F 


A 


BIT 


#$0F 


RELEASED? 


1E48 


26 


FA 


1E44 


BNE 


COL1 


NO TRY AGAIN 


1E4A 


AD 


09 


1E55 


BSR 


DBOUNC 


YES DEBOUNCE 


1E4C 


B6 


00 


A 


LDA 


PORTA 


STILL 


1E4E 


A5 


0F 


A 


BIT 


#$0F 


RELEASED? 


1E50 


26 


F2 


1E44 


BNE 


COL1 


NO TRY AGAIN 


1E52 


B6 


50 


A 


LDA 


WORK1 


RETURN CHAR IN A-REG 



Figure 8. KEYSCN, COLUMN, DEBOUNC, CHRIN, and STABL Routines 



* 
* 
* 
* 
* 
* 
* 
* 
* 



* 
* 
* 

* 
* 

* 
* 
* 



289 



1E54 81 



YES GO HOME 



COLRET RTS 

**************************************** 



* PAUSE FOR 3075 CYCLES * 

* * 

* A REGISTER DESTROYED * 

* * 
**************************************** 



1E55 A6 FF 

1E57 21 FE 

1E59 21 FE 

1E5B 4A 

1E5C 26 F9 

1E5E 81 



A DBOUNC LDA #$FF PAUSE 

1E57 DLOOP BRN * 256X12 

1E59 BRN * CYCLES 

DECA OR AT 



1E57 



BNE DLOOP LEAST 

RTS 3.0 MS 



1E5F 

1E5F CD 1E23 
1E62 24 FB 
1E64 5F 
1E65 Dl 1E6F 
1E68 27 03 
1E6A 5C 
1E6B 20 F8 
1E6D 9F 
1E6E 81 



**************************************** 

* * 

* INPUT ONE CHARACTER * 

* * 

* A REGISTER CONTAINS HEX VALUE * 

* * 

* X REGISTER CONTAINS HEX VALUE * 

* * 
**************************************** 
* 



A CHRIN EQU * 
A JSR KEYSCN 

1E5F ■ BCC CHRIN 

CLRX 
A CHRIN1 CMP 
1E6D BEQ 
INCX 

1E65 BRA CHRIN1 

CHRIN2 TXA 
RTS 



GET KEY 

IF NOT VALID RETRY 



STABL , X CONVERT 
CHRIN2 TO HEX 



IF CANCEL 



Figure S. KEYSCN, COLUMN, DEBOUNC, CHRIN, and STABL Routines (Cont'd) 
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**************************************** 

* * 

* CONVERSION TABLE FOR KEYPAD * 

* TO HEX NUMBER * 

* * 
**************************************** 



* 



1E6F 


11 


A STABL 


FCB 


$11 





1E70 


21 


A 


FCB 


$21 


1 


1E71 


22 


A 


FCB 


$22 


2 


1E72 


24 


A 


FCB 


$24 


3 


1E73 


31 


A 


FCB 


$31 


4 


1E74 


32 


A 


FCB 


$32 


5 


1E75 


34 


A 


FCB 


$34 


6 


1E76 


41 


A 


FCB 


$41 


7 


1E77 


42 


A 


FCB 


$42 


8 


1E78 


44 


A 


FCB 


$44 


9 


1E79 


48 


A 


FCB 


$48 


A 


1E7A 


38 


A 


FCB 


$38 


B 


1E7B 


28 


A 


FCB 


$28 


C 


1E7C 


18 


A 


FCB 


$18 


D 


1E7D 


14 


A 


FCB 


$14 


E 


1E7E 


12 


A 


FCB 


$12 


F 


1E7F 


61 


A 


FCB 


$61 


CANCEL COMMAND 


1E80 


58 


A 


FCB 


$58 


ENTER COMMAND 


1E81 


68 


A 


FCB 


$68 


STACK POINTER 


1E82 


64 


A 


FCB 


$64 


MEMORY 


1E83 


62 


A 


FCB 


$62 


GO 


1E84 


54 


A " ' 


FCB 


$54 


VERIFY TAPE 


1E85 


52 


A 


FCB 


$52 


LOAD TAPE 


1E86 


51 


A 


FCB 


$51 


PUNCH TAPE 



* 



**************************************** 

* * 

* HEX TO MUX DISPLAY * 

* CONVERSION TABLE * 



Figure 8. KEYSCN, COLUMN, DEBOUNC, CHRIN, and STBL Routines (Cont'd) 
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I 

I 

I I 



I I 



I 1 

' 1 1 „ 

I I I 



i i I A 



1 n 1 1 1 j ' 1 j 1 | ' 1 ! i 1 1 



nru 



nr 



407 



157 



137 



1 BIT 
I STOP 1 7 



! 1 



407 

5 



157 


137 


157 


137 


407 


157 


137 


407 


137 


137 




















Cycles 



III 

a. Two Versions of Punch 



BIT . 
| j START | 



• TIME 



I 

r 



' 1 BIT 1 

I START | I 1 

I I I 

Data: 01011001 IS59I 



I 



I 



| 3 , 4 | 5 

1 I I 

b. Two Versions of Load 



1_ 



I BIT I ' 

I 7 l STOP I 

I I I 

TIME *■ 



Figure 9. Example of Serial Data Formats for Punch and Load 
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00001 








00002 








00003 




0000 


A 


00004 




0004 


A 


00005 
00006 




0001 
0008 


A 
A 


00007 
00008 
00009 




0009 
170A 
170B 


A 
A 
A 


00010 




1700 


A 


00011 




1702 


A 


00012 




1704 


A 


00013 




1707 


A 


00014 




1708 


A 


00015 




1709 


A 


00016 




1800 


A 


00017 




001F 


A 


00018 




0003 


A 


00019 




00A0 


A 


00020 




00CC 


A 


00021 




0083 


A 


00022 








00023A 


0040 






00024 








00025 




0037 


A 


00026A 


0040 


0003 


A 


00027A 


0043 


0003 


A 


00028A 


0046 


0003 


A 


00029A 


0049 


0006 


A 


00030A 


004F 


0001 


A 


00031A 


0050 


0001 


A 


00032A 


0051 


0001 


A 


00033A 


0052 


0001 


A 


00034A 


0053 


0001 


A 


00035A 


0054 


0001 


A 


00036A 


0055 


0001 


A 


00037A 


0056 


0001 


A 


00038A 


0057 


0001 


A 


00039A 


0058 


0002 


A 


00040A 


005A 


0001 


A 


00041A 


005B 


0001 


A 


00042A 


005C 


0001 


A 


00043A 


005D 


0001 


A 


00044A 


005E 


0001 


A 


00045A 


005F 


0001 


A 


00046 









* 


OPT 


CMOS 


PORTA 


EQU 





PORTAD 


EQU 


4 


PORTB 


EQU 


1 


TIMER 


EQU 


8 


TIMEC 


EQU 


9 


CR1 


EQU 


$170A 


CR2 


EQU 


$170B 




£<yu 




MIN 


EQU 


$1702 


HOUR 


EQU 




DAY 


EQU 


$1707 


MONTH 


EQU 


$1708 


YEAR 


EQU 


$1709 


MONSTR 


EQU 


$1800 


PCMASK 


EQU 


$1F 


NUMBKP 


EQU 


3 


PROMPT 


EQU 


$A0 


LJMP 


EQU 


$CC 


SWIOP 
* 


EQU 


$83 


* 


ORG 


$40 


BKPTBL 


EQU 


*-3*NUMBKP 


IRQ 


RMB 


3 


TIRQ 


RMB 


3 


TIRQW 


RMB 


3 


DTABL 


RMB 


6 


SWIFLG 


RMB 


1 


WORK1 


RMB 


1 


WORK 2 


RMB 


1 


ADDRH 


RMB 


1 


ADDRL 


RMB 


1 


WORK 3 


RMB 


1 


WORK 4 


RMB 


1 


WORK 5 


RMB 


1 


WORK 6 


RMB 


1 


TEMP 


RMB 


2 


PNCNT 


RMB 


1 


CHKSUM 


RMB 


1 


SREF 


RMB 


1 


LCNT 


RMB 


1 


PCNT1 


RMB 


1 


PCNT0 


RMB 


1 



* 
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00048 












004 9A 


1800 










00 50 










it 


10 W 10 D 1 A 


1 Q Oi Oi 

loot) 


AO 


poi 

C 10 


A 

A 


rtCt 1 


oi a 0! o a 

10 W 10 D Z ft 


1 O V Z 


D / 


a A 

10 H 


A 

A 




oi oi oi *5 a 

10 10 10 D J A 


i q a a 


J r 


v 10 


A 

A 




01 01 01 C A a 
10 10 D H ft 


1 O 10 


jr 


0\- 


rt 




CI CI CI ^ R A 

10 10 10 J Jrt 


1808 


A6 


0F 






oi oi oi c. £ a 
10 10 10 D OA 


i q oi a 

1 O 10 A 


R7 


en 

DU 


A 
ft 




oi a oi r 7 a 

v 10 D /ft 


1 O 


A6 


12 


A 
ft 




oi oi oi r a a 

10 10 10 O ft 


1 Q 0i t? 
1 o 10 E* 


B7 


5E 


a 
ft 




low ->y a 


1 1 01 

l o 1 W 


A6 


26 


A 

ft 




01 01 fy( £ 01 A 

10 10 10 O W A 


i on 

1 o 1 Z 


B7 


5F 


a 
ft 




oi a oi £ i 

10 10 10 O I 












a oi oi £ o a 

10 10 10 D Z A 


lQiyi 




1FC5 


A 

A 


Vtl^ I UK 


(A Oi Oi C "3 a 


1 Q "I C 

lo Id 




1FC7 


A 

A 




oi oi oi c /i a 
10 to 10 4ft 


1 1 ft 
1 o 1 O 




1FC4 


a 

A 




oi Oi oi £ c: a 

YO 10 10 D J A 


l ft l a 

1 1 A 


A6 CC 


A 

A 




oi oi ot c £ a 

10 !0 10 D O ft 




B7 


40 


A 
ft 




01 01 OI C "7 A 
10 10 D / A 




B7 


43 


A 

A 




n rt rt r rt il 

0068A 


18 20 


B7 


46 


A 




rt it n t~ r\ » 

0069A 


18 22 


C6 


1814 


A 




d fx fx n fx a 
\0\0\0 1 0ft 


1825 


B7 


41 


A 




n fx r* ^ i a 
00 / 1A 


18 27 


C6 


1815 


A 




007 2A 


18 2A 


B7 


42 


A 




rt rt rt *"7 ~> IV 

007 3 A 


1 8 2C 


C6 


1816 


A 




0074 A 


18 2F 


B7 


44 


A 




007 5A 


18 31 


C6 


1817 


A 




oi oi oi "7 c a 
10 10 10 / Oft 


lo j4 


B7 


45 


A 

ft 




01 (X (X 1 1 A 

W / / A 


lo jt) 


C6 


1818 


A 
A 




OI /l rt 1 O A 

00 /8 A 


18 39 


B7 


47 


A 




fX fl fX T A 

0079 A 


18 3B 


C6 


1819 


A 




1 1 O 1 n 

008 0A 


1 8 3E 


B7 


48 


A 




0081 












rt n n o rt a 

008 2A 


184 


AE 


4F 


A 




fX fX fX O T A 

008 JA 


1842 


7F 






INI T 


fx fx fx a A A 

008 4 A 


184 3 


5C 








fX fX Oi Q C A 

008 bA 


1 Q A A 

18 44 


A3 


56 


A 




rt rt rt rt 

008 6A 


18 46 


23 


FA 


1842 




fx fx fx o i n 

008 7A 


18 48 


CD 


1DD3 


A 




rt rt rx o n > 

00088A 


18 4B 


A6 


FF 


A 




rt rt rt rt rt 

00 89 A 


1 8 4D 


F7 






rt T™* rt f~* T rt 

REBCLR 


rt rt rt rt TV 

009 0A 


1 8 4E 


5C 








oi a oi q l a 
10 13 10 y 1 A 


1 ft A T? 
1 O *i r 


5C 








oi rt rt rt i a 

009 2A 


18 50 


5C 








009 3A 


18 51 


3A 


5A 


A 




rt rt rt rt ^ pi 

00 9 4 A 


18 53 


26 


F8 


18 4 D 




ca n a f\ r~ » 

009 5A 


1855 


83 








0096 












rt rt rt rt "T 

009 / 






1856 


A 


SWI 


00098A 


1856 


00 


4F 04 


185D 




00099A 


1859 


10 


4F 


A 




00100A 


185B 


20 


4E 


18AB 




00101A 


185D 


CD 


1DD3 


A 


SWICHK 


00102A 


1860 


F6 






SWIREP 


00103A 


1861 


2B 


0B 


186E 




00104A 


1863 


B7 


52 


A 




00105A 


1865 


E6 


01 


A 





UKb 


<Z 1 ft 01 01 

P l o to kJ 




LDA 


#$F0 


SETUP PORT 


STA 


PORTAD 


FOR KEYPAD 


CLR 


PORTA 


AND DISPLAY 


CLR 


SREF 


INITI ALI Z E 


LDA 


#SF 

ff V -C 


TAPE SOFTWARE 


STA 


LCNT 


FOR 7400 BAUD 


LDA 


Tt -? -L 




STA 


PCNT1 




LDA 


#$26 




STA 


PCNT0 




FDB 


TRDV 


SET-UP 


FDB 


i J. r\y v 


TNTFRRIIPT 


FDB 




VPfTflR^ 

V CjV- J> VI\lJ 


LDA 


4LJMP 


IN RAM 


O 1 A 


T Rfl 




O 1 A 


T t cn 
1 1 r\y 




C T A 
b 1 ft 


1 1 Kyw 




t na 


V t-j\- L UK 




qt a 


1 K^t 1 




LDA 


VECT0R+1 




STA 


IRQ+2 




LDA 


V bC 1 UK+ z 




STA 


TTDHll 

i i Ky+i 




LUA 






STA 


TI RQ+ 2 




t n a 

LjJJ A 


VIjL 1 U K^ ft 




STA 


1 i ny W+ 1 




LDA 


V t,L 1 UK+ D 




ct a 
b 1 A 


i i Kyw+ z 




LUX 


ff bWl r Ltj 




\- L.K 


Pi V 
10 , A 


par 
l^Li CftK 


1NLA 




WUK1\ 1NO 


v 


# 1*T A Dun 


CTHD a^ IT 
b 1 U KftLj t 


BLS 


INIT 




JSR 


SCNBKP 


CLEAR 


LDA 


ffvE c 


at r 
ALi L> 


o 1 A 


(31 V 


DDPiU DftTMTC 

BKC Als, rUIN 1 D 


1NLA 






1 PJL A 






INCX 






DEC 


PNCN 1 




DM C 


KCi DL LiK 




bW 1 






EQU 


* 




BRSET 


0,SWIFLG 


,SWICHK FROM RI 


BSET 


, SWI FLG 


YES 


BRA 


GETCMD 




JSR 


SCNBKP 


REMOVE 


LDA 


0,X 


BREAKPOINTS 


BMI 


SWIN0B 




STA 


ADDRH 




LDA 


1,X 
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Owl t)Un 


1867 


B7 


53 


A. 




STA 


ADDRL 




a on oi7 a 

v) <o J. V 1 A 


1 ftfiQ 


Lj O 


019 
to z 


A 




LDA 


2 x 




10 KJ 1 W O ft 


1 ft P. R 
loot) 




ir 


A 

ft 




JSR 


STORE 




01 01 1 0! Q a 


1 ft £ R 
loot 








Cliff MflR 


1 IN A 




C. FT NFYT R P 


PI 01 1 1 CIA 


186F 


5C 








INCX 






011 1A 


1 ft 7 01 

J. / 10 


rc 








INCX 






011 2A 


1 ft 7 1 


^ A 
-j ft 


j ft 






DEC 


PNCNT 




011 3 A 


1 ft7 "\ 

1 / J 


9fi 


EB 


1 ft AOI 




BN E 


qWTRFP 




0114 










* 








01 01 1 l a 

10 Y) J. J. D ft 


187 5 


CD 


1916 






JSR 


r nr^TK 

LiUVj O J. I\ 


FTND STACK 




1878 


E6 


08 






LDA 


8 ,X 




01 a 1 1 7 A 
ti 10 ± ± /ft 


1 ft 7 A 

1 / ft 


aoi 
ft 10 


01 1 
10 1 






SUB 


tr J. 


ADJUST 




1 OTP 
1 O / U 


R7 
D / 


□ y 


A 
ft 




i ft 


TE MP+ 1 




10 1 l y ft 


1 ft 7 F 
1 / t 


CO 


017 

10 / 






LDA 


7 Y 
/ , A 




01 (71 1 9 0( B 


1 ft ft 01 
1 O O V 


a 
ft/ 


01 01 


a 

A 




cor 


A 01 




01 2 1 A 


188 2 


B7 


58 


A 




STA 


TEMP 




ail 1 n» 
\a So 1 z z A 


1 O O 4 


BF 




A 




CTV 
bl A 


WUKIS D 


DftVt JlntA LULft I 1 UIN 


012 3A 


1 q q a 

1 POD 


CD 


IDD J 


A 




JSR 


CPM DI/D 

blNblsH 


cpTiiD r d crau 
btlUr D.r. bCftlN 


01 24A 


1889 


F6 






SWITRY 


LDA 


,x 


A P\ 7 I T C T 1 tr r\ D c 

AU J UbltlJ r.L. 


Of (71 1 OCA 

W 1(5 1 Z A 


1 ft Q A 
1 O O A 


9 D 
ZD 


1 b 


1 Q A 1 

1 Al 




Drll 


CUT PMD 
bWl LrlF 


TW D D TBRTF9 
UN D.r. lftDL.tr 


01 26 A 


18 8C 


Bl 


58 


A 




CMP 


1 1 Mr 




fx rx i it * 
1 2 / A 


188E 


26 


1 1 


1 O A 1 

1 Al 




BN E 


bWl CMP 




a a i ft a 

W t? 1 Z O A 


1 ft Q fX 

1 y Vj 


etc 
to 


(7t 1 
10 1 


B 
A 




r n a 

LiJft 


1 Y 
1 , X 




a a 1 9 a a 


1 y z 


Dl 


d y 






CMP 


TEMP+ 1 




01 01 1 "3 01 ft 
lO 10 1 j 10ft 


1 Q Q A 

1 y 4 


zo 


on 


l ft a l 

1 O A 1 




DIN t 


QM TTMD 
jWI LHr 


NUj i r\ I fto ft J. in 


01 01 1 1 1 B 
10 10 1 J 1ft 


1 QQC 

1 y 


R I? 
D t 


D / 


B 
A 




r nv 


\*i \J T\ IS O 


I r KDl) I UnL u ■ r t 


01 01 1 loa 


1 ft Q ft 

1 y 


t / 


01 ft 


a 

A 




D 1 ft 


ft Y 
r A 


rU 1 ftL/U U 1 LU r . ^ . 


(71 (7M ^ T A 
V W 1 J J A 


1 y a 


DC 
DO 


c 

Do 


A 




LDA 


1 trlr 


1 IN 1 U ol ftV- IV 


01 01 1 i/ia 

10 » 1 J 4 ft 


1 OOP 
103L 


C7 
t / 


01 "7 


a 

A 




ct a 

D 1 ft 


7 Y 
/ , A 




01 01 1 Ka 

!0 10 1 J Oft 


1 y t 




1 R 9 1 
ID J 1 


a 

A 




7 M D 

J 1*1 C 


td a f p 


tACiLU 1 t J. llNOlrtUv_.il VJ1N 


01 01 1 ica 
If 10 1 J Oft 


i q a i 
1 ft 1 


CP 

9*~ 








T Mr* Y 
1 IN l„A 




MPYT R D 


(X fX 1 "3 "7 ft 

UWl J /ft 


1 Q A "7 

1 Az 


DC 








T Mr* V 






[J/11 T ft 
W to 1 J A 


1 8 A3 


5C 








INCX 






01 (51 1 T Q ft 

w 10 1 j y a 


1 8 A4 


3A 


5 A 


A 




DEC 


rNLN 1 




01 Of i i7i a 
!0 10 1 mo a 


l ft a £ 
1 Ab 


9 c 
zo 


1 1 


1 ft ft Q 

1 y 




RHP 
DIN L, 


GIJT TDV 
D W 1 1 HI 


1JUIN l r 


01 01 1 £ i a 

10 W 1 4 1ft 


1 ft a ft 
1 Ao 




1 Q "7 ft 

1 y ZO 


a 

A 




7M D 


r \_ u u in 1 


VPCJ PRTMT P C 
1 to rrtliNi r ■ . 


10 10 1 4 z 










* 








10 10 1 4 J 






1 ft A R 

1 Ad 


B 
A 


utl L-i^LJ 


Pfl 1 1 
ttj U 


it 




/7I (71 1 >1 ^ ft 

W 1 4 4 A 


1 8 AB 


CD 


1DF5 


A 




7 C D 

JbK 


CJ D T 1 A R 

LLH 1 Ad 




Ol (71 1 ^ C ft 

w W 14 D A 


1 8 AE 


ft c 
Ab 


A fX 

AW 


A 




r pi A 


# DDHMDT 


DDTMT 
rKlN 1 


(71 01 1 A C A 
feJ i 4 O A 


1 Q R (71 
1 O £3 V) 


R *7 


4 y 


A 

A 




D 1 ft 


nT a r r 


1 _ 1 


(71 (X 1 /I "7 A 
V V) 1H / A 


1 Q R T 
1 O DZ 


CD 


1 Ur LJ 


A 

A 




•ten 

JbK 


nTCTID 
U 1 D 1 ft D 




0148 


















fx ^ a n a 
k5 W 1 4 y A 


1 8 B 5 


CD 


1 E2 3 


A 


p m n c r 1 xi 


7 G D 

JbK 


IN t I bLN 


LntLK KtXrAU 


fx fx "\ C. fX A 

10 I 9 lo A 


1 8 B8 


24 


FB 


1 Q D C 

lo D D 






LnUbtN 




01 01 1 R 1 A 


1 ft R B 
1 O DA 


d r 








CLRX 






015 2 A 


1 8 BB 


B7 


50 






STA 


WORK 1 




01 01 1 R "3 & 
10 tJ 1 9 .5 A 


1 oon 
lODlJ 


Uo 


1 u Z 


a 

A 


D 7 HMD 


r n a 


DT A or Y 
r 1 ftD Li / A 


itiio ^unnftiN u . 


01 01 1 r A a 

10 !0 1 9 »j A 




R 1 
D 1 


c. a 

D V) 


a 

A 




HMD 


vNUr\I\ 1 




01 01 1 C£A 
iy 10 J. D D ft 


1 9.C0 

L O \^ Z 


97 
z / 


01 A 
t?ft 


1 ftp F 




BEQ 


PJ UMP 


YES 


00156A 


18C4 


Al 


68 


A 




CMP 


#$68 




00157A 


18C6 


27 


E3 


18AB 




BEQ 


GETCMD 




00158A 


18C8 


5C 








INCX 




NO 


00159A 


18C9 


5C 








INCX 




GO TO 


00160A 


18CA 


5C 








INCX 




NEXT 


00161A 


18CB 


5C 








INCX 




POSSIBLE 


00162A 


18CC 


20 


EF 


18BD 




BRA 


RJUMP 


TRY AGAIN 


00163A 


18CE 


5C 






PJUMP 


INCX 




GO TO 
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00164A 18CF DC 18D2 A 
00165 



JMP PTABL , X COMMAND 
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00167 



00168A 


18D2 


11 


00169A 


18D3 


CC 


00170A 


18D4 


1928 


00171A 


18D6 


12 


00172A 


18D7 


CC 


00173A 


18D8 


1940 


00174A 


18DA 


14 


00175A 


18DB 


CC 


00176A 


18DC 


195A 


00177A 


18DE 


18 


00178A 


18DF 


CC 


00179A 


18E0 


1977 


00180 






00181A 


18E2 


28 


00182A 


18E3 


CC 


00183A 


18E4 


1FD7 


00184 






1 8 SA 


18E6 


32 


00186A 


18E7 


CC 


00187A 


18E8 


1A78 


00188A 


18EA 


34 


00189A 


18EB 


CC 


00190A 


18EC 


1AD6 


00191A 


18EE 


38 


00192A 


18EF 


CC 


00193A 


18F0 


1B31 


00194 






00195A 


18F2 


42 


00196A 


18F3 


CC 


00197A 


18F4 


1C0B 


00198A 


18F6 


44 


00199A 


18F7 


CC 


00200A 


18F8 


1B86 


00201A 


18FA 


48 


00202A 


18FB 


CC 


00203A 


18FC 


19E5 


00204 






00205A 


18FE 


51 


00206A 


18FF 


CC 


00207A 


1900 


1C35 


00208A 


1902 


52 


00209A 


1903 


CC 


00210A 


1904 


1CDD 


00211A 


1906 


54 


00212A 


1907 


CC 


00213A 


1908 


1D81 


00214 






00215A 


190A 


62 


00216A 


190B 


CC 


00217A 


190C 


1D8F 


00218A 


190E 


64 


00219A 


190F 


CC 


00220A 


1910 


1EAA 


00221A 


1912 


68 


00222A 


1913 


CC 


00223A 


1914 


1DDA 



00224 



A PTABL FCB $11 



A FCB LJMP 

A FDB PCOUNT 

A FCB $12 

A FCB LJMP 

A FDB AREG 

A FCB $14 

A FCB LJMP 

A FDB XREG 

A FCB $18 

A FCB LJMP 

A FDB CCODE 

A FCB $28 

A FCB LJMP 

A FDB PWRDWN 
* 

A FCB $32 

A FCB LJMP 

A FDB BPDIS 

A FCB $34 

A FCB LJMP 

A FDB BPCLR 

A FCB $38 

A FCB LJMP 

A FDB TRACE 

A FCB $42 

A FCB LJMP 

A FDB DTIME 

A FCB $44 

A FCB LJMP 

A FDB STIME 

A FCB $48 

A FCB LJMP 

A FDB OFFSET 
* 

A FCB $51 

A FCB LJMP 

A FDB PUNCH 

A ' FCB $52 

A FCB LJMP 

A FDB TLOAD 

A FCB $54 

A FCB LJMP 

A FDB VERIFY 

A FCB $62 

A FCB LJMP 

A FDB GO 

A FCB $64 

A FCB LJMP 

A FDB MEMEX 

A FCB $68 

A FCB LJMP 

A FDB STACK 
* 



PROGRAM COUNTER 
ACCUMULATOR 
INDEX REGISTER 
CONDITION CODE 

UNUSED 

DISPLAY/SET BP 
CLEAR BP 

TRACE ONE INSTRUCTION 

DISPLAY TIME 
SET TIME 

OFFSET CALCULATION 

PUNCH TAPE 
LOAD TAPE 
VERIFY TAPE 

GO 

MEMORY 
STACK 
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00226 

00227 

00228 

00229 

00230 

00231 

00232 

00233 

00234 

00235 

00236A 

00237 

00238 

00239A 

00240A 

00241A 

00242A 

00243A 

00244A 

00245A 

00246A 

00247A 

00248A 

00249 

00250 

00251 

00252 

00253 

00254 

00255 

00256 

00257A 

00258A 

00259A 

00260A 

00261A 

00262A 

00263A 

00264A 

00265A 

00266A 

00267A 

00268 

00269 

00270 

00271 

00272 

00273 

00274 

00275 

00276A 

00277A 

00278A 

00279A 

00280A 

00281A 

00282A 

00283A 



**************************************** 



1916 AD 01 

0019 
0018 

1918 81 

1919 AE 7F 
191B A6 19 
191D 5A 
191E Fl 
191F 26 FC 
1921 A6 18 
1923 El 01 
1925 26 F4 
1927 81 



1928 A6 
192A B7 
192C A6 
192E B7 
1930 AD 
1932 E6 
1934 B7 
1936 E6 
1938 B7 
193A CD 
193D CC 



1928 

73 

4D 

Dl 

4E 

E4 

07 

52 

08 

53 

1FB0 
18B5 



1940 

1940 A6 77 

1942 B7 49 

1944 B7 4C 

1946 A6 Dl 

1948 B7 4A 

194A B7 4B 

194C AD C8 

194E 9F 



SEARCH FOR STACK POINTER 



X-REG CONTAINS SP-3 



A-REG DESTROYED 



**************************************** 



1919 
A 
A 

A 
A 



191D 
A 

191B 



STKHI 



BSR 


LOCST2 


EQU 


*/256 


EQU 


*-(*/256) *256 


RTS 




LDX 


#$7F 


LDA 


#STKHI 


DECX 




CMP 


0,X 


BNE 


LOCDWN 


LDA 


#STKLOW 


CMP 


1,X 


BNE 


LOCLOP 


RTS 





**************************************** 

* * 

* DISPLAY PROGRAM COUNTER * 

* * 
**************************************** 
* 



A PCOUNT 


EQU 


* 




A 


LDA 


#$73 


PRINT 


A 


STA 


DTABL+4 


1 PC 1 


A 


LDA 


#$D1 




A 


STA 


DTABL+5 




1916 


BSR 


LOCSTK 


FIND USER 


A 


LDA 


7,X 


HIGH BYTE 


A 


STA 


ADDRH 




A 


LDA 


8,X 


LOW BYTE 


A 


STA 


ADDRL 


PRINT IT 


A 


JSR 


PRTADR 




A 


JMP 


CMDSCN 





**************************************** 

* * 

* ACCUMULATOR EXAMINE/CHANGE * 

* * 
**************************************** 
* 



A 
A 
A 
A 
A 
A 
A 

1916 



AREG 



EQU 
LDA 
STA 
STA 
LDA 
STA 
STA 
BSR 
TXA 



#$77 

DTABL 

DTABL+3 

#$D1 

DTABL+1 

DTABL+2 

LOCSTK 



PRINT 'ACCA' 



FIND ACCUM. VALUE 



298 



PAGE 007 CBUG0B .SA:1 



00284A 

00285A 

00286A 

00287A 

00288A 

00289 

00290 

00291 

00292 

00293 

00294 

00295 

00296 

00297A 

00298A 

00299A 

00300A 

00301A 

00302A 

00303A 

00304A 

00305A 

00306A 

00307A 

00308A 

00309A 

00310A 

00311 

00312 

00313 

00314 

00315 

00316 

00317 

00318 

00319 

00320A 

00321A 

00322A 

00323A 

00324A 

00325A 

00326A 

00327A 

00328A 

00329A 

00330A 

00331A 

00332A 

00333A 

00334A 

00335A 

00336 

00337 

00338 

00339 

00340 

00341 



194F AB 05 

1951 3F 52 

1953 B7 53 

1955 1C 4F 

1957 CC 1EB1 



ADD #5 

CLR ADDRH SETUP FOR 

STA ADDRL EXAMINE/CHANGE 

BSET 6,SWIFLG 

JMP MEMEX3 USING MEMORY ROUTINE 



**************************************** 

* * 

* INDEX REGISTER EXAMINE/CHANGE * 

* * 
**************************************** 
* 



195A 
195C 
195F 
1961 
1963 
1965 
1967 
1969 
196B 
196C 
196E 
1970 
1972 
1974 



195A 
A6 06 
CD 1DF5 
B7 4A 
A6 E6 
B7 4B 
A6 60 
B7 4C 
AD AB 
9F 

AB 06 
3F 52 
B7 53 
1C 4F 
CC 1EB1 



A 
A 
A 
A 
A 
A 
A 
A 

1916 

A 
A 
A 
A 
A 



XREG 



EQU 


* 


LDA 


#6 


JSR 


CLRTAB 


STA 


DTABL+1 


LDA 


#$E6 


STA 


DTABL+2 


LDA 


#$60 


STA 


DTABL+3 


BSR 


LOCSTK 


TXA 




ADD 


#6 


CLR 


ADDRH 


STA 


ADDRL 


BSET 


6,SWIFLG 


JMP 


MEMEX3 



PRINT 'ID' 



FIND INDEX 
REGISTER VALUE 

SETUP FOR 
EXAMINE/CHANGE 

USING MEMORY ROUTINE 



**************************************** 

* * 

* CONDITION CODE * 

* EXAMINE/CHANGE * 

* . * 
**************************************** 







1977 


A CCODE 


EQU 


* 


1977 


CD 


1DF5 


A 


JSR 


CLRTAB 


197A 


A6 


Dl 


A 


LDA 


#$D1 


197C 


B7 


49 


A 


STA 


DTABL 


197E 


A6 


D7 


A 


LDA 


#$D7 


1980 


B7 


4A 


A 


STA 


DTABL+1 


1982 


A6 


E6 


A 


LDA 


#$E6 


1984 


B7 


4B 


A 


STA 


DTABL+2 


1986 


A6 


Fl 


A 


LDA 


#$F1 


1988 


B7 


4C 


A 


STA 


DTABL+3 


198A 


AD 


8A 


1916 


BSR 


LOCSTK 


198C 


9F 






TXA 




198D 


AB 


04 


A 


ADD 


#4 


198F 


3F 


52 


A 


CLR 


ADDRH 


1991 


B7 


53 


A 


STA 


ADDRL 


1993 


1C 


4F 


A 


BSET 


6,SWIFLG 


1995 


CC 


1EB1 


A 


JMP 


MEMEX3 



*********** 

* 

* 

* 

* 



FIND CONDITION 
CODES 

SETUP FOR 
EXAMINE/CHANGE 

USING MEMORY ROUTINE 



***************************** 



BUILD A BEGINNING 
AND ENDING 
ADDRESS RANGE 
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00342 










* 








* 


00343 










* 




TEMP , TEMP+1 : BEGINNING 


* 


00344 










* 




ADDRH , ADDRL : ENDING 


* 


00345 










* 








* 


00346 










**************************************** 


00347 










* 










00348A 


1998 


19 


4F 


A 


BLDRNG 


BCLR 


4,SWIFLG 






00349A 


199A 


17 


4F 


A 




BCLR 


3,SWIFLG 






00350A 


199C 


CD 


1DF5 


A 




JSR 


CLRTAB 


PRINT 




00351A 


199F 


A6 


F4 


A 




LDA 


#$F4 


'BA' 




00352A 


19A1 


B7 


4D 


A 




STA 


DTABL+4 






00353A 


19A3 


A6 


77 


A 




LDA 


#$77 






00354A 


19A5 


B7 


4E 


A 




STA 


DTABL+5 






00355A 


19A7 


CD 


1DFD 


A 




JSR 


DISTAB 






00356A 


19AA 


CD 


1F58 


A 




JSR 


BLDADR 


GET SOURCE ADDR. 




00357A 


19 AD 


24 


2C 


19DB 




BCC 


BLDRN1 


VALID? 




00358A 


19AF 


B6 


52 


A 




LDA 


ADDRH 


YES 




00359A 


19B1 


Al 


IF 


A 




CMP 


#PCMASK 


TOO BIG? 




00360A 


19B3 


22 


2A 


19DF 




BHI 


BLDRN2 


YES 




00361A 


19B5 


B7 


58 


A 




STA 


TEMP 


NO SAVE IT 




00362A 


19B7 


B6 


53 


A 




LDA 


ADDRL 






00363A 


19B9 


B7 


59 


A 




STA 


TEMP+1 






00364A 


19BB 


CD 


1F15 


A 




JSR 


LOAD 


FETCH OPCODE OF 


INSTR. 


00365A 


19BE 


B7 


57 


A 




STA 


WORK 6 


SAVE IT 




00366A 


19C0 


CD 


1DF5 


A 




JSR 


CLRTAB 






00367A 


19C3 


A6 


Fl 


A 




LDA 


#$F1 


PRINT 'EA' 




00368A 


19C5 


B7 


4D 


A 




STA 


DTABL+4 






00369A 


19C7 


A6 


77 


A 




LDA 


#$77 






00370A 


19C9 


B7 


4E 


A 




STA 


DTABL+5 






00371A 


19CB 


CD 


1DFD 


A 




JSR 


DISTAB 






00372A 


19CE 


CD 


1F58 


A 




JSR 


BLDADR 


GET DESTINATION 


ADDR 


00373A 


19D1 


24 


08 


19DB 




BCC 


BLDRN1 


VALID? 




00374A 


19D3 


B6 


52 


A 




LDA 


ADDRH 


YES 




00375A 


19D5 


Al 


IF 


A 




CMP 


#PCMASK 


TOO BIG? 




00376A 


19D7 


22 


06 


19DF 




BHI 


BLDRN2 


YES 




00377A 


19D9 


20 


06 


19E1 




BRA 


BLDRET 






00378A 


19DB 


18 


4F 


A 


BLDRN1 


BSET 


4,SWIFLG 


INVALID 




00379A 


19DD 


20 


02 


19E1 




BRA 


BLDRET 






00380A 


19DF 


16 


4F 


A 


BLDRN2 


BSET 


3,SWIFLG 


TOO BIG 




00381A 


19E1 


81 






BLDRET 


RTS 








00382 










* 










00383 










**************************************** 


00384 










* 








* 


00385 










* 




CALCULATE BRANCH OFFSET 


* 


00386 










* 




FOR BIT AND CONDITIONAL 


* 


00387 










* 




BRANCHES 




* 


00388 










* 








* 


00389 










* 




OPCODE MUST BE AT 


* 


00390 










* 




BEGINNING ADDRESS 


* 


00391 










* 








* 


00392 










* 




OFFSET WILL BE INSERTED 


* 


00393 










* 




INTO BRANCH INSTRUCTION 


* 


00394 










* 








* 


00395 










**************************************** 


00396 










* 










00397A 


19E2 


CC 


1E97 


A 


OFFERR 


JMP 


ERROR 






00398 










* 










00399 






19E5 


A 


OFFSET 


EQU 


* 
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00400A 


19E5 


AD 


Bl 


1998 




BSR 


BLDRNG 




00401A 


19E7 


08 


4F 2B 


1A15 




BRSET 


4,SWIFLG 


, ORET 


00402A 


19EA 


06 


4F F5 


19E2 




BRSET 


3 , SWI FLG 


, OFFERR 


00403A 


19ED 


B6 


53 


A 




LDA 


ADDRL 


NO FIND APPARRENT 


00404A 


19EF 


B0 


59 


A 




SUB 


TEMP+1 


OFFSET 


00405A 


19F1 


A0 


02 


A 




SUB 


#2 




00406A 


19F3 


B7 


53 


A 




STA 


ADDRL 




00407A 


19F5 


B6 


52 


A 




LDA 


ADDRH 




00408A 


19F7 


B2 


58 


A 




SBC 


TEMP 




00409A 


19F9 


B7 


52 


A 




STA 


ADDRH 




00410A 


19FB 


B6 


57 


A 




LDA 


WORK6 


CHECK OPCODE 


00411A 


19FD 


Al 


IF 


A 




CMP 


#$1F 


FOR BIT BRANCH 


00412A 


19FF 


23 


41 


1A42 




BLS 


OFFST1 




00413A 


1A01 


B6 


52 


A 




LDA 


ADDRH 




00414A 


1A03 


Al 


FF 


A 




CMP 


#$FF 


+ OR - OFFSET? 


00415A 


1A05 


27 


03 


1A0A 




BEQ 


OFFST2 




00416A 


1A07 


4D 








TSTA 




CHECK OFFSET 


00417A 


1A08 


26 


60 


1A6A 




BNE 


OVRERR 


FOR +/- 


00418A 


1A0A 


B6 


53 


A 


0FFST2 


LDA 


ADDRL 




00419A 


1A0C 


Al 


FF 


A 




CMP 


#$FF 




00420A 


1A0E 


27* 


5A 


1A6A 




BEQ 


OVRERR 




00421A 


1A10 


AD 


06 


1A18 




BSR 


USE 


PRINT IT IF VALID 


00422A 


1A12 


CC 


18B5 


A 




JMP 


CMDSCN 




00423A 


1A15 


cc 


18AB 


A 


ORET 


JMP 


GETCMD 




00424 










* 








00425A 


1A18 


CD 


1DF5 


A 


USE 


JSR 


CLRTAB 




00426A 


1A1B 


A6 


D6 


A 




LDA 


#$D6 


PRINT ' USED * 


00427A 


1A1D 


B7 


49 


A 




STA 


DTABL 




00428A 


IA1F 


A6 


B5 


A 




LDA 


#$B5 




00429A 


1A21 


B7 


4A 


A 




STA 


DTABL+1 




00430A 


1A23 


A6 


Fl 


A 




LDA 


#$F1 




00431A 


1A25 


B7 


4B 


A 




STA 


DTABL+2 




00432A 


1A27 


A6 


E6 


A 




LDA 


#$E6 




00433A 


1A29 


B7 


4C 


A 




STA 


DTABL+3 




00434A 


1A2B 


B6 


53 


A 




LDA 


ADDRL 


PRINT OFFSET 


00435A 


1A2D 


CD 


1F8C 


A 




JSR 


PRTDAT 




00436A 


1A30 


97 








TAX 






00437A 


1A31 


B6 


59 


A 




LDA 


TEMP+1 




00438A 


1A33 


AB 


01 


A 




ADD 


#1 




00439A 


1A35 


B7 


53 


A 




STA 


ADDRL 




00440A 


1A37 


B6 


58 


A 




LDA 


TEMP 




00441A 


1A39 


A9 


00 


A 




ADC 


#0 


PUT INTO 


00442A 


1A3B 


B7 


52 


A 




STA 


ADDRH 


INSTRUCTION 


00443A 


1A3D 


9F 








TXA 






00444A 


1A3E 


CD 


1F24 


A 




JSR 


STORE 




00445A 


1A41 


81 








RTS 






00446 










* 








00447A 


1A4 2 


B6 


53 


A 


OFFST1 


LDA 


ADDRL 


ADJUST FOR 


00448A 


1A44 


A0 


01 


A 




SUB 


#1 


BIT BRANCH 


00449A 


1A46 


B7 


53 


A 




STA 


ADDRL 




00450A 


1A48 


B6 


52 


A 




LDA 


ADDRH 




00451A 


1A4A 


A2 


00 


A 




SBC 


#0 




00452A 


1A4C 


B7 


52 


A 




STA 


ADDRH 




00453A 


1A4E 


Al 


FF 


A 




CMP 


#$FF 


NEG OFFSET? 


00454A 


1A50 


27 


03 


1A55 




BEQ 


OFFST3 


YES 


00455A 


1A52 


4D 








TSTA 




CHECK FOR 


00456A 


1A53 


26 


15 


1A6A 




BNE 


OVRERR 


+/- AND -1 


00457A 


1A55 


B6 


53 


A 


OFFST3 


LDA 


ADDRL 
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04 5oA 


1A57 


Al 


FF 


A 




CMP 


#?Fb 




a n a con 
04 5y A 


lAby 


7 7 
Z / 


fil X? 

0r 


T A C. A 
1 Ab A 




BEQ 


UVKC.KK 




fil fit A C O. A 

04b0A 


1A JD 


A 1 

Al 


FE 


A 

A 




CMP 


4 £ IT I? 




00461A 


1A5D 


27 


0B 


1A6 A 




BEQ 


OVKLKK 




4b zA 


1 »cc> 


JC 


d y 


A 

A 




INC 


rn pun i 1 
1 CM IT T J. 




04 J A 


lAb I 


7 c 
ZD 


CI 7 
Z 


1 Ab D 




fcSN L 


Uri 1 lb 




fj fl A C A ft 

04 b 4 A 


1 A C. 7 

lAb J 


7i"" 


DO 


A 




INC 


TEMP 




(A Oi A £. C A 
04 DjA 


lAb D 


A T~i 

AL) 


Dl 


1 »1 Q 

1 Al o 


Urf lib 


DC D 

bb K 


II CP 

Ubt, 


ddtm? tp war Tn 


04 b b A 


1 A C 7 

lAb / 


CC 


1 one 
lOD J 


A 




JMP 






(A (A A CI 

4b/ 










* 








0468A 


1A6A 


A6 


D7 


A 


0VRERR 


LDA 


#$D7 


PRINT 'OR' 


04 b y A 


i a c. n 
lAbL 


D 7 
D / 


A n 
4D 


A 




STA 


DTABL+4 




fil (I /I 7 CA A 

04 / 0A 


lAb t 


A C 

Ab 


c ex 
b 


A 




LDA 


#$60 




047 1A 


1A7 


B7 


4E 


A 




STA 


DTABL+5 




00472A 


1A72 


CD 


1FB0 


A 




JSR 


PRTADR 




04 7 3A 


1 A7 5 


CC 


18B5 


A 




JMP 


CMDSCN 




047 4 










* 








0475 










************************************** 


00476 










* 








0477 










* 




DISPLAY/SET BREAKPOINTS 


04 78 










* 








00479 










************************************** 


0480 


















fil fil yl Q 1 






1 A 7 Q 
1 A / O 


A 


BPDIS 


EQU 


* 




04 ZA 


1 A 7 O 

1 A / o 


3F 


5 7 


A 




CLR 


W0RK6 




01 0M Q 7. a 
10 If *i O O A 


l a 7 a 

In / A 


7 a 

J A 


c: 7 


A 
A 




DEC 


W0RK6 




Oi fil A Q A A 
|0 10 *i O fl A 


i a "7 r* 
1 A / u 






A 

A 




JSR 


SCNBKP 


FIND B.P. TABLE 


04 8 5A 


1A7F 


BF 


5 1 


A 




STX 


W0RK2 




04o 6A 


1A8 1 


3F 


4D 


A 


BPDIS1 


CLR 


DTABL+4 




(% CA A Q 7 A 
4 O / A 


1 A8 3 


F6 








LDA 


0,X 


GET B.P. 


00488A 


1 A8 4 


2A 


1 


1 A9 6 




BPL 


BPDIS2 


VALID? 


00489A 


1A8 6 


A6 


F4 


A 




LDA 


#$F4 


NO 


00490A 


1A88 


B7 


49 


A 




STA 


DTABL 


PRINT 'B0FF' 


00491A 


1A8 A 


A6 


D7 


A 




LDA 


#$D7 




049 2A 


1A8C 


B7 


4A 


A 




STA 


DTABL+1 




04 9 3A 


1A8 E 


A6 


7 1 


A 




LDA 


#$71 




04 94A 


1A90 


B7 


4B 


A 




STA 


DTABL+2 




04 y D A 


1 A Q 7 

i Ay z 


D 7 
B / 


A f 

4C 


A 




STA 


DTABL+3 




04 y bA 


1 A Q A 

i Ay 4 


7 fil 
Z0 


fil Q 


1 A Q C 

lAy r 




BRA 


BPDIS4 




0! 01 /I Q 7 a 


i Ay b 


n 7 
tJ / 


Q 7 
I) Z 


A 


BPDIS2 


STA 


ADDRH 


PRINT B.P. 


fil fil A Q Q A 

w w *± y o a 


1 A Q Q 

I Ay o 


to 


Of 1 
10 1 


• a 

A 




LDA 


1,X 




04 y y a 


1 A9 A 


o -7 

D / 


C 7 


A 




STA 


ADDRL 




050 0A 


1 A9C 


CD 


1 FB0 


A 




JSR 


PRTADR 




n n c fi ~\ a 
0501A 


1A9F 


3C 


57 


A 


BPDIS4 


INC 


W0RK6 


PRINT B.P. # 


0502A 


1AA1 


BE 


57 


A 




LDX 


WORKfi 




0503A 


1AA3 


D6 


1E87 


A 




LDA 


CTABL , X 




0504A 


1AA6 


B7 


4E 


A 




STA 


DTABL+5 




00505A 


1AA8 


CD 


1DFD 


A 




JSR 


DISTAB 




00506A 


1AAB 


CD 


1F58 


A 




JSR 


BLDADR 


NEW B.P. 


507A 


1AAE 


BE 


51 


A 




LDX 


W0RK2 




00508A 


1AB0 


25 


08 


1ABA 




BCS 


BPDIS7 


YES 


00509A 


1AB2 


Al 


10 


A 




CMP 


#$10 


NO, ESC? 


00510A 


1AB4 


27 


1A 


1AD0 




BEQ 


BPRET 


GET OUT 


00511A 


1AB6 


Al 


11 


A 




CMP 


#$11 


ENTER? 


00512A 


1AB8 


27 


0B 


1AC5 




BEQ 


BPDIS5 


GET NEXT B.P. 


00513A 


1 ABA 


B6 


52 


A 


BPDIS7 


LDA 


ADDRH 


TOO BIG? 


00514A 


1ABC 


Al 


IF 


A 




CMP 


#PCMASK 




00515A 


1 ABE 


22 


13 


1AD3 




BHI 


BPERR 


YES 
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00516A 

00517A 

00518A 

00519A 

00520A 

00521A 

00522A 

00523A 

00524A 

00525A 

00526A 

00527- 

00528A 

00529 

00530 

00531 

00532 

00533 

00534 

00535 

00536 

00537 

00538 

00539 

00540A 

00541A 

00542A 

00543A 

00544A 

00545A 

00546A 

00547A 

00548A 

00549A 

00550A 

00551A 

00552A 

00553A 

00554A 

00555A 

00556A 

00557A 

00558A 

00559A 

00560A 

00561A 

00562A 

00563A 

00564A 

00565A 

00566A 

00567A 

00568A 

00569A 

00570A 

00571A 

00572A 

00573A 



1AC0 F7 

1AC1 B6 53 

1AC3 E7 01 

1AC5 5C 

1AC6 5C 

1AC7 5C 

1AC8 BF 51 

1ACA 3A 5A 

1ACC 26 B3 

1ACE 20 A8 

1AD0 CC 18AB 

1AD3 CC 1E97 



A 
A 



BPDIS5 



1AD6 CD 
1AD9 A6 
1ADB B7 
1ADD A6 
1ADF B7 
1AE1 A6 
1AE3 B7 
1AE5 A6 
1AE7 B7 
1AE9 CD 
1AEC CD 
1AEF BF 
1AF1 CD 
1AF4 25 
1AF6 Al 
1AF8 26 
1AFA A6 
1AFC BE 
1AFE F7 
1AFF 5C 
1B00 5C 
1B01 5C 
1B02 3A 
1B04 26 
1B06 20 
1B08 Al 
1B0A 24 
1B0C 97 
1B0D D6 
1B10 B7 
1B12 4F 
1B13 A0 
1B15 AB 
1B17 5A 



1AD6 

1DF5 

F4 

49 

Dl 

4A 

D0 

4B 

60 

4C 

1DFD 
1DD3 
51 

1F49 

12 

11 

34 

FF 

51 



5A 
F8 
26 
03 
C7 

1E87 
4E 



A 
A 

1A81 
1A78 
A 



b 1 A 


a v 




LDA 


ADDRL 




STA 


1 ,X 




INCX 




GET NEXT B.P. 


INCX 






INCX 






STX 


WORK 2 




DEC 


PNCNT 




BNE 


BPDIS1 


DONE? 


BRA 


BPDIS 


YES START OVER 


JMP 


GETCMD 




JMP 


ERROR 





BPRET 
* 

BPERR 
* 

**************************************** 



* 
* 
* 
* 
* 

****** 
* 



BREAKPOINT CLEAR 



* 
* 

TYPE # FOR SINGLE * 
CLEAR AND ENT FOR ALL * 

* 

********************************** 



03 
03 



A 


BPCLR 


EQU 


* 




A 




JSR 


CLRTAB 


PRINT ' BCLR 1 


A 




LDA 


#$F4 




A 




STA 


DTABL 




A 




LDA 


#$D1 




A 




STA 


DTABL+1 




A 




LDA 


#$D0 




A 




STA 


DTABL+2 




A 




LDA 


#$60 




A 




STA 


DTABL+3 




A 




JSR 


DISTAB 




A 




JSR 


SCNBKP 


FIND B.P. TABLE 


A 




STX 


WORK 2 




A 




JSR 


GETNYB 




1B08 




BCS 


BPCLR1 


ENTER? 


A 




CMP 


#$11 




1B2E 




BNE 


BPCRET 


NO 


A 




LDA 


#$FF 


YES, CLEAR ALL 


A 




LDX 


WORK 2 






BPCLR2 


STA 
INCX 
INCX 
INCX 


0,X 




A 




DEC 


PNCNT 




1AFE 




BNE 


BPCLR2 




1B2E 




BRA 


BPCRET 




A 


BPCLR1 


CMP 


#NUMBKP 


VALID B.P. #? 


1AD3 




BHS 
TAX 


BPERR 


NO 
YES 


A 




LDA 


CTABL , X 


PRINT B.P. # 


A 




STA 
CLRA 


DTABL+5 


FIND IT 


A 




SUB 


#3 




A BPCLR3 


ADD 


#3 








DECX 
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± D 1 O 


9A 
Zft 


FB 


1B1 5 




BPL 


BPCLR3 




00575A 


1B1A 


B7 


57 


A 




STA 


W0RK6 




00576A 


1B1C 


CD 


1DFD 


A 




JSR 


DISTAB 


PRINT B.P. 


00577A 


1B1F 


CD 


1E5F 


A 




JSR 


CHRIN 




00578A 


1B22 


Al 


11 


A 




CMP 


#$11 


CLEAR IT? 


00579A 


1B24 


26 


08 


1B2E 




BNE 


BPCRET 


NO 


a a c p a a 


1 R 9 fi 


A6 


37 


A, 




LDA 


#BKPTBL 


YES 


00581A 


1B28 


BB 


57 


A 




ADD 


W0RK6 




00582A 


1B2A 


97 








TAX 






00583A 


1B2B 


A6 


FF 


A 




LDA 


#$FF 




a 0S84A 


1B2D 


F7 








STA 


0,X 




10 BJO jn 


1B2E 


CC 


18AB 


A 


BPCRET 


JMP 


GETCMD 














* 








(1 fflCO? 

13 lODO / 










**************************************** 


0588 










* 






* 


w 10 _>tjy 










* 




TRACE ONE INSTRUCTION * 


Pi pi s Q a 

V 10 D 5 v 










* 






* 


PI PI^Q 1 
V YJ d y X 










* 




TIMER INTERRUPT IS * 


a a c q o 










* 




USED 


* 


PI PI T 










* 






* 












**************************************** 


w b y b 


















D w J?U 








A, 


TRACE 


EQU 


* 




01 01 Q Q 7 7i 


1 D"3 1 
1DJ 1 




1 Q 1 fi 

x y x d 


A 
A 




JSR 


L0CSTK 


FIND S.P. 


/a oi c q o a 
k) S3 D y o A 


XD J 4 


PC 
tiD 


01 A 


A 




LDA 


4,X 




01 PI R Q Q a 
BIO J77ft 


1 R 7fi 
ID JO 


A A 


Pift 
10 o 






AND 


#8 




Pi Pi £ 01 Oi 7A 
kV 10 D 10 fcvft 


1DJO 


R7 


^7 






STA 


WORK 6 




c oi f. n i a 

10 10 D 10 1 A 


1 O O A 
ID jn 


Ffi 


on 

10 / 


A 
ft 




LDA 


7,X 




PJ PIfi PI 9 A 


1B3C 


B7 


52 


A 




STA 


ADDRH 




01 PIfi C! "3 a 
kv 10 D v jft 


1 DTP 

Id j L 


pfi 


pift 

I0O 


A 




r nR 

bUft 


8,X 




Oi oi fi oi a a 

10 O D kv fi A 


1 ViA 01 


R7 




A 
ft 




STA 


ADDRL 




C/ u U r7 J 41 


1B4 2 


CD 


1F1 5 


A 




JSR 


LOAD 


GET OPCODE 


01 0) ft |yj fi fl 

10 kV O kV O ft 


1B4 5 


A 1 
ft J. 


ft 

O J 


A^ 




CMP 


#$83 


SWI? 


01 OtC 017 fi 
10 10 D 10 / A 


1 RA 7 


9fi 
Z 


Oi T? 
Y) r 


1RCO 




BNE 


TRACE3 




Pi Pi aft a 

10 BDBOn 


1 R4 Q 


Rfi 
D D 




A 

ft 




LDA 


ADDRL 


YES 


pi a c pi q a 

10 kv O 10 :7 ft 


ID/IO 
J.D4D 


AR 
ft D 


PI 1 


A 

ft 




ADD 


#1 


INC PC 


d oifi i a a 

ty k7D X k?ft 


J. D1 JJ 


P7 


Pift 

I0O 


A 
ft 




STA 


8,X 




061 1 A 
V V D X J. ft 


1B4 F 


36 


52 


A 




LDA 


ADDRH 




PI 01fi 1 9 A 
10 10O X Zft 


1 DCl 

ID J 1 


A Q 

ft J7 


Pi PT 

10 YJ 


A_ 




ADC 


#0 




Of 01 C 1 T A 
v 10 1 jn 


1 OCT 

Id jj 


C7 


017 


A 




STA 


7,X 




PI PIfi 1 4 A 
10 I0O J. 4ft 


ID j j 




1 Q 9ft 


A 
ft 




JMP 


PCOUNT 




PI Plfi 1 ^ A 
10 W D X D ft 


1B5 8 


Al 


9 B 


A. 


TRACE3 


CMP 


#$9B 


SEI? 


PI PIfi 1 fi A 
10 10 D X O ft 


IBS A 


26 


1 c. 
J. J 


1B7 1 




BNE 


TRACE2 




PIfi 1 7 A 
10 xj D X /ft 


IB 5C 


E6 


4 






LDA 


4,X 


YES 


PI PIfi 1 ft A 
10 10 O i. O ft 


1 B 5 E 


AA 


Pift 






0RA 


CO 


SET IT IN 


01 01 C 1 Q 71 

V) wo i y a 


IB kv 


b / 


01 A 

Y)H 


. A 




STA 


4,X 


STACK 


PI PIfi 9 PI A 
10 kv D Z 10 ft 


1 Rfi 9 


Rfi 
DD 


R "3 
3 J 


A 

ft 




LDA 


ADDRL 




PI PIfi 9 1 A 
10 kvD Z 1 ft 


1 Rfi A 


A R 

ftp 


PI 1 


A 

ft 




ADD 


#1 




PI PIfi 9 9 A 
10 kv O Z Z ft 


1 Rfi fi 
1DOD 


177 


Pift 
I0O 


A 
A 




STA 


8,X 




Pf fi 9 "3. A 
10 )0 o Z j ft 


1 Rfi ft 


Rfi 


CO 
D Z 


A 

ft 




LDA 


ADDRH 




Hfi 94A 


1B6A 


A9 


00 


A 




ADC 


#0 




00625A 


1B6C 


E7 


07 


A 




STA 


7 jj X 




00626A 


1B6E 


CC 


1928 


A 




JMP 


PCOUNT 




00627A 


1B71 


Al 


9A 


A 


TRACE2 


CMP 


#$9A 


CLI? 


00628A 


1B73 


26 


02 


1B77 




BNE 


TRACE1 




00629A 


1B75 


3F 


57 


A 




CLR 


W0RK6 


YES, CLEAR IT ON S' 


00630A 


1B77 


E6 


04 


A 


TRACE1 


LDA 


4,X 
#$F7 


GET COND. CODE 


00631A 


1B79 


A4 


F7 


A 




AND 


CLEAR IRQ BIT 



304 



PAGE 013 CBUG05 .SA:1 



00632A 

00633A 

00634A 

00635A 

00636A 

00637A 

00638 

00639 

00640 

00641 

00642 

00643 

00644 

00645 

00646 

00647 

00648 

00649A 

00650A 

00651A 

00652A 

00653A 

00654A 

00655A 

00656A 

00657A 

00658A 

00659A 

00660A 

00661A 

00662A 

00663A 

00664A 

00665A 

00666A 

00667A 

00668A 

00669A 

00670A 

00671A 

00672A 

00673A 

00674A 

00675A 

00676A 

00677A 

00678A 

00679A 

00680A 

00681A 

00682A 

00683A 

00684A 

00685A 

00686A 

00687A 

00688A 

00689A 



1B7B E7 04 

1B7D A6 10 

1B7F B7 08 

1B81 A6 08 

1B83 B7 09 
1B85 80 



1B86 
1B89 
1B8B 
1B8D 
1B8F 
1B91 
1B94 
1B97 
1B99 
1B9B 
1B9D 
1B9F 
1BA1 
1BA3 
1BA5 
1BA7 
1BA9 
1BAB 
1BAD 
1BAF 
1BB1 
1BB3 
1BB5 
1BB6 
1BB8 
1BBA 
1BBC 
1BBE 
1BC0 
1BC2 
1BC4 
1BC5 
1BC7 
1BC9 
1BCB 
1BCD 
1BCF 
1BD2 
1BD3 
1BD6 
1BD9 



1B86 
CD 1DF5 
A6 77 
B7 4E 
3F 53 
3F 52 
CD 1FB0 
CD 1F49 
25 12 
10 
4F 
11 



Al 
27 
Al 



27 ID 

Al 17 

26 EC 

A6 73 

B7 4E 

20 E6 

Al 09 

22 40 

AE 04 

38 53 

39 52 
5A 

26 F9 
BA 53 
B7 53 
20 D3 
B6 52 
Al 12 
22 2B 
4D 

27 28 
B6 53 
Al 59 
22 22 
A6 80 
C7 170B 
4F 

C7 170A 

04 4E 02 

IE 52 



* 

****, 

* 
* 



RETURN TO STACK 



EXECUTE 

I 

********************************** 



A 


STA 


4,X 


A 


LDA 


#16 


A 


STA 


TIMER 


A 


LDA 


#8 


A 


STA 


TIMEC 




RTI 





SET CURRENT TIME 
USING MC146818 



12-HOUR FORMAT 



* 

****** 



********************************** 



A 


STIME 


EQU 






A 




JSR 


CLRTAB 




A 




LDA 


#$77 


AM BY DEFAULT 


A 




STA 


DTABL+5 




A 




CLR 


ADDRL 




A 




CLR 


ADDRH 




A 


STIME2 


JSR 


PRTADR 




A 




JSR 


GETNYB 


Ufcil 1NPU1 


1BAB 




BCS 


STI ME1 




A 




CMP 


#$10 


ESC? 


1BEC 




BEQ 


b I MKL 1 




A 




CMP 


#$11 


ENT? 


1BBE 




BEQ 


STI ME4 




A 




CMP 


#$17 


P? 


1B9 1 




BNE 


STIME2 




A 




LDA 


#$73 


YES , 


A 




STA 


DTABL+5 


PRINT P 






n d a 


STIME2 




A 


STIME1 


CMP 


#9 


GT 9? 


1BEF 




BHI 


STERR 




A 




LDX 


#4 


SHIFT IN NEW 


A 


STIME3 


LSL 


ADDRL 


INPUT 


A 




ROL 
DECX 


ADDRH 




1BB1 




BNE 


STIME3 




A 




ORA 


ADDRL 




A 




STA 


ADDRL 




1B91 




BRA 


STIME2 




A 


STIME4 


LDA 


ADDRH 


HOURS GT 12? 


A 




CMP 


#$12 




1BEF 




BHI 
TSTA 


STERR 


HOURS EQ 0? 


1BEF 




BEQ 


STERR 




A 




LDA 


ADDRL 


MIN? GT 59? 


A 




CMP 


#$59 




1BEF 




BHI 


STERR 




A 




LDA 


#$80 


PUT IN 


A 




STA 
CLRA 


CR2 


SET TIME MODE 


A 




STA 


CR1 




1BDB 




BRSET 


2, DTABL+5, STIME5 PM? 


A 




BSET 


7, ADDRH 


YES 
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00690A 


1BDB 


B6 


53 


A 


STIME5 


LDA 


ADDRL 


PUT TIME INTO 


00691A 


1BDD 


C7 


1702 


A 




STA 


MIN 


MC146818 


00692A 


1BE0 


B6 


52 


A 




LDA 


ADDRH 




00693A 


1BE2 


C7 


1704 


A 




STA 


HOUR 




00694A 


1BE5 


4F 








CLRA 






00695A 


1BE6 


C7 


170B 


A 




STA 


CR2 


ALLOW TO RUN 


00696A 


1BE9 


C7 


1700 


A 




STA 


SEC 


CLR SECONDS 


00697A 


1BEC CC 


18AB 


A 


STMRET 


JMP 


GETCMD 




00698 










* 








00699A 


1BEF 


CC 


1E97 


A 


STERR 


JMP 


ERROR 




00700 










* 








00701 










**************************************** 


00702 










* 






* 


00703 










* 




WAIT FOR THE END * 


00704 


• 








* 




OF UPDATE CYCLE * 


00705 










* 






* 


00706 










**************************************** 


00707 










* 








00708A 


1BF2 


CD 


1E23 


A 


VALID 


JSR 


KEYSCN 




00709A 


1BF5 


25 


13 


1C0A 




BCS 


VALRET 




00710A 


1BF7 


C6 


170A 


A 




LDA 


CR1 


IS UIP LOW? 


00711A 


1BFA 


A4 


80 


A 




AND 


#$80 




00712A 


1BFC 


27 


F4 


1BF2 




BEQ 


VALID 


YES, WAIT UNTIL HI< 


00713A 


1BFE 


CD 


1E23 


A 


VALID2 


JSR 


KEYSCN 




00714A 


1C01 


25 


07 


1C0A 




BCS 


VALRET 




00715A 


1C03 


C6 


170A 


A 




LDA 


CR1 


UIP MADE NEG TRAN 


00716A 


1C06 


A4 


80 


A 




AND 


#$80 




00717A 


1C08 


26 


F4 


1BFE 




BNE 


VALID 2 




00718A 


1C0A 


81 






VALRET 


RTS 






00719 










* 








00720 










**************************************** 


00721 










* 






* 


00722 










* 




DISPLAY 


CURRENT TIME * 


00723 










* 




FROM MC146818 * 


00724 










* 






* 


00725 










* 




USES 12- 


•HOUR FORMAT * 


00726 










* 






* 


00727 










**************************************** 


00728 










* 








00729 






1C0B 


A 


DTIME 


EQU 


* 




00730A 


1C0B 


CD 


1DF5 


A 




JSR 


CLRTAB 




00731A 


1C0E 


A6 


77 


A 




LDA 


#$77 




00732A 


1C10 


B7 


4E 


A 




STA 


DTABL+5 




00733A 


1C12 


AD 


DE 


1BF2 




BSR 


VALID 


UPDATE OVER 


00734A 


1C14 


24 


04 


1C1A 




BCC 


DTIME2 




00735A 


1C16 


5F 








CLRX 






00736A 


1C17 


CC 


18BD 


A 




JMP 


RJUMP 




00737A 


1C1A 


C6 


1704 


A 


DTI ME 2 


LDA 


HOUR 




00738A 


1C1D 


B7 


52 


A 




STA 


ADDRH 




00739A 


1C1F 


0F 


52 06 


1C28 




BRCLR 


7, ADDRH, 


DTIME1 PM? 


00740A 


1C22 


IF 


52 


A 




BCLR 


7, ADDRH 




00741A 


1C24 


A6 


73 


A 




LDA 


#$73 


PRINT IT 


00742A 


1C26 


B7 


4E 


A 




STA 


DTABL+5 




00743A 


1C28 


C6 


1702 


A 


DTIME1 


LDA 


MIN 




00744A 


1C2B 


B7 


53 


A 




STA 


ADDRL 




00745A 


1C2D 


CD 


1FB0 


A 




JSR 


PRTADR 


PRINT TIME 


00746A 


1C30 


20 


D9 


1C0B 




BRA 


DTIME 




00747 










* 
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00748 
00749 
00750 
00751 
00752 
00753 
00754 
00755 
00756 
00757 
00758 
00759 

00760A 1C32 CC 1E97 
00761 

00762 1C35 

00763A 1C35 CD 1998 

00764A 1C38 08 4F 49 

00765A 1C3B 06 4F F4 

00766A 1C3E BE 58 

00767A 1C40 B7 58 

00768A 1C42 BF 52 

00769A 1C44 B6 53 

00770A 1C46 BE 59 

00771A 1C48 BF 53 

00772A 1C4A 4C 

00773A 1C4B 26 02 

00774A 1C4D 3C 58 

00775A 1C4F B7 59 

00776A 1C51 AD 3F 

00777A 1C53 A6 B3 

00778A 1C55 AD 50 

00779A 1C57 3F 5B 

00780A 1C59 B6 58 

00781A 1C5B AD 2A 

00782A 1C5D B6 59 

00783A 1C5F AD 26 

00784A 1C61 B6 52 

00785A 1C63 AD 22 

00786A 1C65 B6 53 

00787A 1C67 AD IE 

00788A 1C69 CD 1F15 

00789A 1C6C AD 19 

00790A 1C6E 3C 53 

00791A 1C70 26 02 

00792A 1C72 3C 52 

00793A 1C74 B6 58 

00794A 1C76 Bl 52 

00795A 1C78 26 EF 

00796A 1C7A B6 59 

00797A 1C7C Bl 53 

00798A 1C7E 26 E9 

00799A 1C80 B6 5B 

00800A 1C82 AD 23 

00801A 1C84 CC 18AB 
00802 

00803A 1C87 B7 56 

00804A 1C89 AD 1C 

00805A 1C8B B6 56 



**************************************** 



* * 

* . PUNCH TAPE * 

* * 

* LAST ADDRESS WILL * 

* REMAIN UNTIL PUNCH * 

* IS COMPLETE * 

* * 

* 2400 BAUD IS DEFAULT * 

* * 



**************************************** 
* 



A 


PIfNFRR 
* 


JMP 


ERROR 






PUNCH 


EQU 


* 








JSR 


Rr nRNn 

LJ l_f LJ r\ nj 


BUILD RANGE 


1 rp A 




DKD Ci J. 


A CUT i?r f! 


P1INRFT VAT TVl? 


1L. 5 Z. 








PIINFRR VATrF)'} 


a 

A 




r nv 


TEMP 


Dfflrtr nuu r\Ej a o Cj o 


a 




ST A 


TEMP 








STX 


snnpu 
eWJU rvtl 








LDA 


annR r 








LDX 


TEMP + 1 




A 




STX 


ADDRL 


ADJUST 






INCA 




ENDING 


1C4F 




BNE 


PUN3 


ADDRESS 






INC 


TEMP 






PUN 3 


STA 


TEMP+1 




1 C9 2 




BS R 


PUNT DR 


PUNCH T FADFR 






LDA 


ft s> D J 


PUNCH ROT 


1 C A 7 




BS R 


PUNBYT 








CLR 


PHK C 1 IM 

n r\ O U ' 1 


TNTTTAT T7F CHFCK9IIM 






LDA 


TEMP 


PUNCH 


1C87 




BSR 


PUNIT 


ENDING ADDRESS 


A 




LDA 


TEMP+1 








BSR 


PUNIT 








LDA 


nuunii 


PUNCH 


1C8 7 




BSR 


PUNIT 


BEGINNING ADDRESS 


A 




LDA 


ADDRL 




1C87 




BSR 


PUNIT 




A 


PUN 5 


JSR 


LOAD 


GET BYTE FROM MEMORY 


1C87 




BSR 


PUNIT 


PUNCH IT 


A 




INC 


ADDRL 




1C74 




BNE 


PUN4 




A 




INC 


ADDRH 




A 


PUN4 


LDA 


TEMP 


FINISHED? 


A 




CMP 


ADDRH 




1C69 




'BNE 


PUN5 




A 




LDA 


TEMP+1 




A 




CMP 


ADDRL 




1C69 




BNE 


PUN5 




A 




LDA 


CHKSUM 


YES, PUNCH 


1CA7 




BSR 


PUNBYT 


CHECKSUM 


A 


PUNRET 
* 


JMP 


GETCMD 




A 


PUNIT 


STA 


W0RK5 




1CA7 




BSR 


PUNBYT 


PUNCH BYTE 


A 




LDA' 


W0RK5 


AND UPDATE 
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00806A 

00807A 

00808A 

00809 

00810A 

00811A 

00812A 

00813A 

00814A 

00815A 

00816A 

00817A 

00818A 

00819A 

00820A 

00821 

00822A 

00823A 

00824A 

00825A 

00826A 

00827A 

00828A 

00829A 

00830A 

00831A 

00832A 

00833A 

00834A 

00835A 

00836 

00837A 

00838A 

00839A 

00840A 

00841A 

00842A 

00843A 

00844A 

00845A 

00846A 

00847 

00848A 

00849A 

00850A 

00851A 

00852A 

00853A 

00854 

00855 

00856 

00857 

00858 

00859 

00860 

00861 

00862 

00863A 



1C92 
1C94 
1C96 
1C98 
1C9A 
1C9C 
1C9E 
1CA0 
1CA2 
1CA4 
1CA6 

1CA7 
1CA9 
1CAB 
1CAD 
1CAF 
1CB0 
1CB2 
1CB4 
1CB6 
1CB8 
1CB9 
1CBB 
1CBD 
1CBF 



BB 


5B 


A 


ADD 


CHKSUM 


CHECKSUM 


B7 


5B 


A 


STA 


CHKSUM 




81 




* 


RTS 






A6 


3F 


A PUNLDR 


LDA 


#$3F 


PUNCH 16K 


B7 


50 


A 


STA 


W0RK1 


ZEROS 


A6 


FF 


A 


LDA 


#$FF 




B7 


51 


A 


STA 


WORK2 




AD 


24 


1CC0 PUNLD1 


BSR 


COMO 




AD 


35 


1CD3 


BSR 


NOCO 




3A 


51 


A 


DEC 


WORK2 




26 


F8 


1C9A 


BNE 


PUNLD1 




3A 


50 


A 


DEC 


WORK1 




26 


F4 


1C9A 


BNE 


PUNLD1 




81 






RTS 







AE 08 
AD 15 
AD 13 
AD 11 
46 

24 04 
AD 0C 
20 02 
AD IB 
5A 

26 F2 
AD 3 
AD 14 
81 



A 

1CC0 
1CC0 
1CC0 

1CB6 
1CC0 
1CB8 
1CD3 

1CAD 
1CC0 
1CD3 



* 

PUNBYT 



PUNBY1 



PUNBY2 
PUNBY3 



LDX 


#8 


PUNCH 


BSR 


COMO 


SYNC 


BSR 


COMO 


START 


BSR 


COMO 


SYNC 


RORA 






BCC 


PUNBY2 


1 OR 0? 


BSR 


COMO 


1 


BRA 


PUNBY3 




BSR 


NOCO 





DECX 




ALL 


BNE 


PUNBY1 


DONE? 


BSR 


COMO 


YES , SYNC 


BSR 


NOCO 


STOP BIT 


RTS 







1CC0 BF 54 

1CC2 0D 00 04 

1CC5 ID 00 

1CC7 20 02 

1CC9 1C 00 

1CCB BE 5E 
1CCD 5A 

1CCE 26 FD 

1CD0 BE 54 
1CD2 81 

1CD3 BF 54 

1CD5 BE 5F 
1CD7 5A 

1CD8 26 FD 

1CDA BE 54 
1CDC 81 



A 

1CC9 
A 

1CCB 
A 
A 

1CCD 
A 



COMO 



COMOl 
DELAY 
COM02 



NOCO 
NOCOl 



1CD7 
A 



STX 

BRCLR 

BCLR 

BRA 

BSET 

LDX 

DECX 

BNE 

LDX 

RTS 

STX 

LDX 

DECX 

BNE 

LDX 

RTS 



WORK3 



MAKE A TRANSITION 



6, PORTA, COMOl 
6, PORTA 

DELAY PAUSE 
6, PORTA 
PCNT1 

COM02 
W0RK3 



WORK 3 
PCNT0 

NOCOl 
WORK3 



NO TRANSITION 
DOUBLE DELAY 



**************************************** 
* * 
* 
* 
* 

******* 



LOAD TAPE OR * 
COMPARE TAPE * 
* 

t********************************** 



1CDD 
1CDD IB 4F 



TLOAD 



EQU 
BCLR 



5,SWIFLG 
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B BO 4 A 


1 pny 
lCDr 


l~U 


1 FOI 7 
XCaV I 


a 

A 




ICR 
Jon 






B BO D DA 


1 CV 7 


Afi 


FF 

r r 


a 




LDA 


#SFF 

It V t L 


LOAD 256 


a an a 

tfl 0O DBA 


1 CV A 

X^LiH 


An 


7ft 
/ 


1 nRF 


r nam 

LiUrtU X 


ROD 


EDGE 


CONSECUTIVE 


W loo O / A 




ZD 


PA 


J. v, Ei Z 




BCS 


r nana 


ZEROS 


CI flft fift A 


1CE8 


4A 








DECA 






CI OlftfiQA 


1CE9 


26 


F9 


1CE4 




BNE 


L0AD1 




fl no 7 d a 

13 B O / B rt 


1CEB 


AD 


50 


1D3D 




BSR 


LOADBY 

Lj \J t\ LJ LJ J. 




CI CI ft 7 1 A 
v YJO / Xr\ 


ICED 


Al 


B3 


A 




CMP 


#$B3 


BOT? 


XJ JJ \j 1 tfl 


1CEF 


26 


FA 


1CEB 




BNE 


L0AD2 




CI Clft 7 

B BO / J 










* 








CI Gift 7 4 A 


1CF1 


3F 


5B 


A. 




CLR 


THKmiM 

11 X\ lJ U 1 1 


YES, INIT CHECKSUM 


01 01ft 7 R A 
10100 / OA 




CD 


1D76 






JSR 




GET ENDING 


a f% ^ c a 
0O / OA 


1 fine 

JXr 


□ 7 

/ 


DO 


a 
A 




Din 


TP MD 


r\LJ D T\Lj 3D 


/1 n t "7 >i 

08 7 / A 


1CF8 


AD 


ir* 

fL. 


1JJ / O 




DbK 


T n ft n T T 




fx r% C\ C\ » 

00878A 


1CFA 


B7 


59 


A 




STA 






00879A 


1CFC 


AD 


78 


1D76 




BSR 


r A»nTT 
LUAD1 1 




00880A 


1CFE 


B7 


52 


A 




STA 


ADDRH 


ADDREbb 


00881A 


1D00 


AD 


74 


1D76 




BSR 


LOADIT 




00882A 


1D02 


B7 


53 


A 




STA 


ADDRL 




00883 










* 








00884A 


1D04 


AD 


70 


1D76 


L0AD4 


BSR 


LOADIT 


GET BYTE 


00885A 


1D06 


0B 


4F 0B 


1D14 




BRCLR 


5 , SWI FLG 


r nunc pamd tidpo 

, LOADd COMPARE 


00886A 


1D09 


B7 


57 


A 




STA 


WORKo 


Yfcb, lb 11 


00887A 


1D0B 


CD 


1F15 


A 




JSR 


LOAD 


SAME? 


00888A 


1D0E 


Bl 


57 


A 




CMP 


WUKKo 




00 y a 


1D1 


26 


25 


ID i 1 




BNE 


nyc ft r\D 
U X AUK 


wn 
wu 


cx n d r\ fx 

08 9 0A 


1D12 


20 


05 


1D19 




BRA 


L0AD6 


YES 


(i (ion l t\ 

bo y ia 


ID 1 4 


CD 


1F24 


A 


LOAD 5 


JSR 




MflT fOMPARP c;A\/P TT 


w wo y za 


i m 7 


ZD 


1 1 


l n 7 7 




DV-D 


m Q A no 




ffl 01 Q Q "3 a 
B B y j A 


iui y 


■jp 
Jv- 


D J 


a 
A 


L>U AU O 


T MP 


a nnp r 


TNT AnnRF 1 ^ 11 ; 


Oi (XQQ A a 
B B y *i A 


i m d 

lUlo 


7 C 

zo 


01 7 
W Z 


imp 
1 u 1 r 




DIN C 


L0AD3 




a yip Q C a 
B BO y D A 


1 m n 
xu xu 




R 7 
D Z 


a_ 




INC 






b bo y O A 


IJJIr 


DO 


CO 

Do 


a 

A 


r n ft n 7 

L.UAU.5 


t n a 


TP M D 


PTMCU Fn 7 


a a ft Q 7 a 

B B O 7 / /\ 


J. UZ JL 


R 1 
D X 


R 7 

D Z 






CMP 






01 01 ft Q ft A 
B B O 7 O r\ 




7fi 


DF 


1D0 4 




BNE 






00899A 


1D25 


B6 


59 


A 




LDA 


TEMP+1 




00900A 


1D27 


Bl 


53 


A 




CMP 


ADDRL 




090 1A 


1D29 


26 


D9 


1D0 4 




bN t. 


LUAJJfl 




00902A 


1D2B 


AD 


10 


1D3D 




BSR 


LOADBY 


YES ,GET 


00903A 


1D2D 


Bl 


5B 


A 




CMP 


CHKSUM 


CHECKSUM 


09 04A 


1D2F 


26 


03 


1D34 




BNE 


r p d d 


mait CftMP __ PDDOD 
1NU 1 DArlEj T_T - tiKKUK 


n n A n r ■» 

00905A 


1D31 


CC 


18AB 


A 




JMP 






00906 


















m r\ /"i ~7 > 

00907A 


1D34 


CC 


1E97 


A 


r nnnn 

LDERR 
it 


JMP 


hKKUK 




00908 
09 09A 


1D37 


CD 


1FB0 


A 


DIbADR 


JSR 


DDT B HD 

rn i AUK 


mCDr ftv unnopcc 

U X D K Li A I AUU Kti D D 


1 a 


1 D3 A 


CC 


1 □ c 


A 


it 


JMP 


r* m n c P m 


PHD PDRHR 
C UK Cj KKUK 


0911 
yy izA 


1D3D 


BF 


50 


A 


LUAUdY 


STX 


1*7 r\ d ^ i 




01 OIQ 1 "5A 
b b y J. J A 


1 nip 




100 


a 
A 




r riY 


Aft 
ff 




00914A 


1D41 


AD 


IB 


1D5E 




BSR 


EDGE 


SET START 


00915A 


1D43 


AD 


19 


1D5E 


L0DBY1 


BSR 


EDGE 


BIT 


00916A 


1D45 


24 


FC 


1D43 




BCC 


L0DBY1 




00917A 


1D47 


AD 


15 


1D5E 




BSR 


EDGE 


SYNC 


00918A 


1D49 


5A 






L0DBY2 


DECX 






00919A 


1D4A 


2B 


0F 


1D5B 




BMI 


LODBYR 


FINISHED? 


00920A 


1D4C 


44 








LSRA 




NO, SHIFT 


00921A 


1D4D 


AD 


0F 


1D5E 




BSR 


EDGE 


GET BIT 



309 



PAGE 018 CBUG05 .SA:1 



00922A 1D4F 24 06 

00923A 1D51 AD 0B 

00924A 1D53 AA 80 

00925A 1D55 20 F2 

00926A 1D57 AA 00 

00927A 1D59 20 EE 

00928A 1D5B BE 50 

00929A 1D5D 81 
00930 

00931A 1D5E B7 51 

00932A 1D60 BF 54 

00933A 1D62 5F 

00934A 1D63 5C 

00935A 1D64 4F 

00936A 1D65 2E 01 

00937A 1D67 4C 

00938A 1D68 Bl 5C 

00939A 1D6A 27 F7 

00940A 1D6C B7 5C 

00941A 1D6E 9F 

00942A 1D6F B0 5D 

00943A 1D71 B6 51 

00944A 1D73 BE 54 

00945A 1D75 81 
00946 

00947A 1D76 AD C5 

00948A 1D78 B7 55 

00949A 1D7A BB 5B 

00950A 1D7C B7 5B 

00951A 1D7E B6 55 

00952A 1D80 81 

00953 

00954 

00955 

00956 

00957 

00958 

00959 

00960 1D81 

00961A 1D81 1A 4F 

00962A 1D83 CD 1E07 

00963A 1D86 CC 1CE2 
00964 

00965A 1D89 CC 1E97 
00966 

00967A 1D8C CC 18AB 
00968 

00969 1D8F 

00970A 1D8F CD 1916 

00971A 1D92 E6 08 

00972A 1D94 B7 53 

00973A 1D96 E6 07 

00974A 1D98 B7 52 

00975A 1D9A CD 1F53 

00976A 1D9D 25 08 

00977A 1D9F Al 10 

00978A 1DA1 27 E9 

00979A 1DA3 Al 11 



1D57 




BCC 


LODBY3 


1 OR 0? 


1D5E 




BSR 


EDGE 


IF 1 GET CLEAR NEXT 


A 




ORA 


#$80 


TRANSITION 


1D49 




BRA 


LODBY2 


SHIFT IN 1 


A 


L0DBY3 


ORA 


#0 


SHIFT IN 


1D49 




BRA 


LODBY2 




A 


LODBYR 


LDX 


WORK1 








RTS 








* 








A 


EDGE 


STA 


WORK2 




A 




STX 


WORK 3 








CLRX 








EDGE1 


INCX 




LOOP TILL 






CLRA 




TRANSITION 


1D68 




BIL 


EDGE 2 








INCA 






A 


EDGE2 


CMP 


SREF 




1D63 




BEQ 


EDGE1 




A 




STA 


SREF 


UPDATE LEVEL 






TXA 




STATUS 


A 




SUB 


LCNT 


SET CARRY FOR 


A 




LDA 


WORK2 


1 OR 


A 




LDX 


WORK3 






* 


RTS 






1D3D 


LOADIT 


BSR 


LOADBY 


GET BYTE 


A 




STA 


WORK4 


AND UPDATE 


A 




ADD 


CHKSUM 


CHECKSUM 


A 




STA 


CHKSUM 




A 




LDA 


WORK 4 








RTS 








* 










**************************************** 




* 






* 




* 




VERIFY TAPE * 

* 




**************************************** 


A 


VERIFY 


EQU 


* 




A 




BSET 


5,SWIFLG 




A 




JSR 


CLRDIS 




A 


* 


JMP 


LOAD0 




A 


GOERR 
* 


JMP 


ERROR 




A 


GOBACK 
* 


JMP 


GETCMD 




A 


GO 


EQU 


* 




A 




JSR 


LOCSTK 




A 




LDA 


8 ,X 




A 




STA 


ADDRL 




A 




LDA 


7 / X 




A 




STA 


ADDRH 




A 




JSR 


GETADR 




1DA7 




BCS 


GOON 


ADDR VALID? 


A 




CMP 


#$10 




1D8C 




BEQ 


GOBACK 




A 




CMP 


#$11 
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00980A 


1DA5 


26 


E2 


1D89 




BNE 


GOERR 




00981A 


1DA7 


CD 


1916 


A 


GOON 


JSR 


LOCSTK 


YES PUT IT 


00982A 


1DAA 


B6 


52 


A 




LDA 


ADDRH 


IN STACK 


00983A 


1DAC 


Al 


IF 


A 




CMP 


#PCMASK 


TO BIG? 


00984A 


1DAE 


22 


D9 


1D89 




BHI 


GOERR 


YES 


00985A 


1DB0 


E7 


07 


A 




STA 


7,X 




00986A 


1DB2 


B6 


53 


A 




LDA 


ADDRL 




00987A 


1DB4 


E7 


08 


A 




STA 


8,X 




00988A 


1DB6 


AD 


IB 


1DD3 


CONT 


BSR 


SCNBKP 


FIND B.P. TABLE 


00989A 


1DB8 


F6 






GOINSB 


LDA 


0,X 


INSERTPB.P. 'S 


00990A 


1DB9 


2B 


10 


1DCB 




BMI 


GONOB 


VALID? 


00991A 


1DBB 


B7 


52 


A 




STA 


ADDRH 


YES 


00992A 


1DBD 


E6 


01 


A 




LDA 


1,X 




00993A 


1DBF 


B7 


53 


A 




STA 


ADDRL 




00994A 


1DC1 


CD 


1F15 


A 




JSR 


LOAD 


SAVE OPCODE 


00995A 


1DC4 


E7 


02 


A 




STA 


2,X 




00996A 


1DC6 


A6 


83 


A 




LDA 


tSWIOP 




00997A 


1DC8 


CD 


1F24 


A 




JSR 


STORE 




00998A 


1DCB 


5C 






GONOB 


INCX 




GET NEXT B.P. 


00999A 


1DCC 


5C 








INCX 






1000A 


1DCD 


5C 








INCX 






01001A 


1DCE 


3A 


5A 


A 




DEC 


PNCNT 




01002A 


1DD0 


26 


E6 


1DB8 




BNE 


GOINSB 


DONE? 


01003A 


1DD2 


80 








RTI 




YES 


01004 










* 








01005 






1DD3 


A 


SCNBKP 


EQU 


* 




01006A 


1DD3 


A6 


03 


A 




LDA 


#NUMBKP 




01007A 


1DD5 


B7 


5A 


A 




STA 


PNCNT 




01008A 


1DD7 


AE 


37 


A 




LDX 


#BKPTBL 




01009A 


1DD9 


81 








RTS 






01010 










* 








01011 










************************************** 


01012 










* 








01013 










* 


DISPLAY STACK 


POINTER 


01014 










* 








01015 










************************************** 


01016 










* 








01017 






1DDA 


A 


STACK 


EQU 


* 




01018A 


1DDA 


A6 


B5 


A 




LDA 


#$B5 


PRINT 


01019A 


1DDC 


B7 


4D 


A 




STA 


DTABL+4 


'SP' 


01020A 


1DDE 


A6 


73 


A 




LDA 


#$73 




01021A 


1DE0 


B7 


4E 


A 




STA 


DTABL+5 




01022A 


1DE2 


4F 








CLRA 






01023A 


1DE3 


5F 








CLRX 






01024A 


1DE4 


CD 


1F8E 


A 




JSR 


PRTBYT 




01025A 


1DE7 


CD 


1916 


A 




JSR 


LOCSTK 


FIND USER 


01026A 


IDEA 


9F 








TXA 




STACK POINTER 


01027A 


1DEB 


AB 


03 


A 




ADD 


#3 




01028A 


1DED 


AE 


02 


A 




LDX 


#2 




01029A 


1DEF 


CD 


1F8E 


A 




JSR 


PRTBYT 


PRINT IT 


01030A 


1DF2 


CC 


18B5 


A 




JMP 


CMDSCN 





01031 
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01033 

01034 

01035 

01036 

01037 

01038 

01039 

01040 

01041 

01042A 

01043A 

01044A 

01045A 

01046A 

01047 

01048 

01049 

01050 

01051 

01052 

01053 

01054 

01055 

01056A 

01057A 

01058A 

01059A 

01060A 

01061A 

01062 

01063 

01064 

01065 

01066 

01067 

01068 

01069 

01070 

01071A 

01072A 

01073A 

01074 

01075 

01076 

01077 

01078 

01079 

01080 

01081 

01082 

01083 

01084A 

01085A 

01086A 

01087A 

01088A 

01089A 

01090A 



1DF5 AE 05 
1DF7 6F 49 
1DF9 5A 
1DFA 2A FB 
1DFC 8.1. 



1DFD AE 05 
1DFF E6 49 
1E01 AD 09 
1E03 5A 
1E04 2A F9 
1E06 81 



1E07 AD EC 
1E09 AD F2 
1E0B 81 



1E0C BF 50 
1E0E ID 00 
1E10 AE 08 
1E12 48 
1E13 24 02 
1E15 1C 00 
1E17 IE 00 



**************************************** 

* * 

* CLEAR DISPLAY TABLE * 



X REG DESTROYED 



A 
A 

1DF7 



A 
A 

1E0C 
1DFF 



**************************************** 
* 

CLRTAB LDX #5 

CLRLOC CLR DTABL , X CLEAR SIX 

DECX LOCATIONS IN 

BPL CLRLOC DISPLAY TABLE 

RTS 

* 

**************************************** 

* * 

* DISPLAY TABLE CONTENTS * 

* * 

* A,X REGISTERS DESTROYED * 

* * 
**************************************** 
* 

DISTAB LDX #5 

DISCHR LDA DTABL, X LOAD DISPLAY 

BSR DISPLY TABLE INTO 

DECX 145000 
BPL DISCHR 
RTS 

* / 

**************************************** 

* * 

* BLANK DISPLAY * 

* * 

* A,X REGISTERS DESTROYED * 

* * 
**************************************** 



1DF5 
1DFD 



CLRDIS BSR 
BSR 
RTS 



CLRTAB BLANK 
DISTAB DISPLAY 



**************************************** 

* * 

* SHIFT ONE CHARACTER INTO * 

* DISPLAY * 

* * 

* A REGISTER DESTROYED * 

* * 
**************************************** 



A 
A 
A 

1E17 
A 
A 



DIS1 
DIS2 



STX 


WORK1 


SAVE INDEX 


BCLR 


6, PORTA 


CLEAR DATA 


LDX 


#8 




LSLA 




SET UP 


BCC 


DIS2 


BIT OF 


BSET 


6, PORTA 


ACCUMULATOR 


BSET 


7, PORTA 


CLOCK 
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01091A 


1E19 


IF 


00 


A 




BCLR 


7, PORTA 


IT 


a 10Q2A 


1E1B 


ID 


00 






BCLR 


6, PORTA 


CLEAR DATA 


01093A 


1E1D 


5A 








DECX 




COMPLETE? 


1094A 


1E1E 


26 


F2 


1E12 




BNE 


DIS1 


NO 


01095A 


1E20 


BE 


50 


A 




LDX 


W0RK1 


RESTORE INDEX 


01096A 


1E22 


81 








RTS 






01097 










* 








01098 










**************************************** 


01099 










* 






* 


01100 










* 


KEYPAD 


SCAN 


* 


01101 










* 






* 


01102 










* 


X REGISTER DESTROYED * 


01103 










* 






* 


01104 










* 


A REGISTER CONTAINS VALUE * 












* 






* 


a 1 1 01 C 
10 1 J. Y) O 










* 


CARRY 


SET IF VALID OUTPUT * 


fll 1 (IT 

W 1 1 M / 










* 






* 


fit i i a Q 
1 10O 










**************************************** 


01109 










* 








a l i i a a 
Mill 10 A 


l hz J 


y o 






KEYSCN 


CLC 






10 1 1 1 1 A 


1 tZ H 


A F 








CLRA 






10 1 1 1 zA 


1 U 1 9 C 
1 hi Z D 


AE 


01 c 


A 




LDX 


#6 


SETUP 


11 1 3 A 


1E27 


AB 


10 


A 


KEY1 


ADD 


#$10 


ROW 


1 1 1 4 A 


1 E2 9 


B7 


00 


a. 




STA 


PORTA 




0111 5A 


1E2B 


AD 


06 


1E3 3 




BSR 


COLUMN 


CHECK COLUMNS 


fill 1 1 


1 Ci Z JJ 


TC 
Z D 


10 J 


1 E3 2 




BCS 


KEY2 


IF VALID GET OUT 


Will / 


1E2F 


C.1 
jn 








DECX 




ELSE TRY 


01 1 1 IRA 
V ± ± ± o t\ 


1 F 01 


26 


F5 


1E27 




BNE 


KEY1 


NEXT ROW 


1 1 1 9A 


1E3 2 


81 






KEY2 


RTS 






01120 








* 


* 








01121 










**************************************** 


01 1 1 1 o 
i0 1 1 z z 










* 






* 


0X123 










* 


CHECK 


FOR KEY 


CLOSURE * 


01124 










* 


WITHIN 


COLUMN 


AND DEBOUNCE * 


01125 










* 






* 


01126 










* 


A REGISTER CONTAINS VALUE * 


01127 










* 






* 


01128 










* 


CARRY 


SET IF VALID OUTPUT * 


-L -L Z 17 










* 






* 


01130 










**************************************** 


iflll Ji 










* 








10 1 1 J Z A 


1 CO D 


Q C 
DO 


0101 


A 

A 


COLUMN 


LDA 


PORTA 


READ KEYPAD 


OM 1 "3 ~i A 

1 1 J JA 


1E3 5 




c a 


A 




STA 


W0RK1 


STORE IT 


M 1 1 J 4 A 


lt,J / 


A C 
A J 


0F 


A 




BIT 


#$0F 


KEY CLOSED? 


01 1 1 1CA 


i tj j y 


9 9 
Z / 


i y 


i tr c a 




BEQ 


COLRET 


NO GET OUT 


01 1 1 3C» 
10 1 1 J O A 


It JD 


AD 


1 Q 

lo 


l pec 
1 £> 3 D 




BSR 


DBOUNC 


ELSE DEBOUNCE 


011 37 A 


1 E3 D 


B6 





a. 




LDA 


PORTA 


RE-READ KEYPAD 


10 1 1 JO A 


ltijr 


Bl 


Q 01 
310 


A 

A 




CMP 


W0RK1 


SAME KEY CLOSED? 


0113 9A 


1Cj4 1 


Of. 
zo 


1 1 
J. 1 






BNE 


COLRET 


NO GET OUT 


1140A 


1E4 3 


99 








SEC 




SET FLAG FOR VALID 


01141A 


1E44 


B6 


00 


A 


C0L1 


LDA 


PORTA 


KEY 


01142A 


1E46 


A5 


0F 


A 




BIT 


#$0F 


RELEASED? 


01143A 


1E48 


26 


FA 


1E44 




BNE 


C0L1 


NO TRY AGAIN 


01144A 


1E4A 


AD 


09 


1E55 




BSR 


DBOUNC 


YES DEBOUNCE 


01145A 


1E4C 


B6 


00 


A 




LDA 


PORTA 


STILL 


01146A 


1E4E 


A5 


0F 


A 




BIT 


#$0F 


RELEASED? 


01147A 


1E50 


26 


F2 


1E44 




BNE 


C0L1 


NO TRY AGAIN 


01148A 


1E52 


B6 


50 


A 




LDA 


W0RK1 


RETURN CHAR IN A-REG 
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01149A 1E54 81 

01150 

01151 

01152 

01153 

01154 

01155 

01156 

01157 

01158 



COLRET RTS YES GO HOME 

* 

**************************************** 

* * 

* PAUSE FOR 3075 CYCLES * 

* * 

* A REGISTER DESTROYED * 

* * 
**************************************** 
* 



01159A 


1E55 


A6 


FF 


A 


DBOUNC LDA 


#$FF 


PAUSE 


01160A 


1E57 


21 


FE 


1E57 


DLOOP BRN 


* 


256X12 


01161A 


1E59 


21 


FE 


1E59 


BRN 


* 


CYCLES 


01162A 


1E5B 


4A 






DECA 




OR AT 


01163A 


1E5C 


26 


F9 


1E57 


BNE 


DLOOP 


LEAST 


01164A 


1E5E 


81 






RTS 




3.7 MS 



01165 
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01167 

01168 

01169 

01170 

01171 

01172 

01173 

01174 

01175 

01176 

01177 

01178 

01179A 

01180A 

01181A 

01182A 

01183A 

01184A 

01185A 

01186A 

01187A 

01188 

01189 

01190 

01191 

01192 

01193 

01194 

01195 

01196A 

01197A 

01198A 

01199A 

01200A 

01201A 

01202A 

01203A 

01204A 

01205A 

01206A 

01207A 

01208A 

01209A 

01210A 

01211A 

01212A 

01213A 

01214A 

01215A 

01216A 

01217A 

01218A 

01219A 

01220 

01221 

01222 

01223 

01224 



1E5F 

1E5F CD 1E23 
1E62 24 FB 
1E64 5F 
1E65 Dl 1E6F 
1E68 27 03 
1E6A 5C 
1E6B 20 F8 
1E6D 9F 
1E6E 81 



1E6F 
1E70 
1E71 
1E72 
1E73 
1E74 
1E75 
1E76 
1E77 
1E78 
1E79 
1E7A 
1E7B 
1E7C 
1E7D 
1E7E 
1E7F 
1E80 
1E81 
1E82 
1E83 
1E84 
1E85 
1E86 



11 

21 
22 
24 
31 
32 
34 
41 
42 
44 
48 
38 
28 
18 
14 
12 
61 
58 
68 
64 
62 
54 
52 
51 



A 
A 

1E5F 
A 

1E6D 
1E65 



A REGISTER CONTAINS HEX VALUE 
X REGISTER CONTAINS HEX VALUE 



GET KEY 

IF NOT VALID RETRY 



**************************************** 

* , * 

* INPUT ONE CHARACTER * 

* * 

* A RRHTSTFR mNTATNS HEX VAT. HE * 
* 
* 

* * 
**************************************** 
* 

CHRIN EQU * 

JSR KEYSCN 

BCC CHRIN 

CLRX 
CHRIN1 CMP 

BEQ 

INCX 

BRA CHRIN1 
CHRIN2 TXA 
RTS 

* 

**************************************** 

* * 

* CONVERSION TABLE FOR KEYPAD * 

* TO HEX NUMBER * 

* * 
**************************************** 
* 



STABL , X CONVERT 
CHRIN2 TO HEX 



IF CANCEL 



A STABL 


FCB 


$11 





A 


FCB 


$21 


1 


A 


FCB 


$22 


2 


A 


FCB 


$24 


3 


A 


FCB 


$31 


4 


A 


FCB 


$32 


5 


A 


FCB 


$34 


6 


A 


FCB 


$41 


7 


A 


FCB 


$42 


8 


A 


FCB 


$44 


9 


A 


FCB 


$48 


A 


A 


FCB 


$38 


B 


A 


FCB 


$28 


C 


A 


FCB 


$18 


D 


A 


FCB 


$14 


E 


A 


FCB 


$12 


F 


A 


FCB 


$61 


CANCEL COMMAND 


A 


FCB 


$58 


ENTER COMMAND 


A 


FCB 


$68 


STACK POINTER 


A 


FCB 


$64 


MEMORY 


A 


FCB 


$62 


GO 


A 


FCB 


$54 


VERIFY TAPE 


A 


FCB 


$52 


LOAD TAPE 


A 


FCB 


$51 


PUNCH TAPE 



**************************************** 

* * 

* HEX TO MUX DISPLAY * 

* CONVERSION TABLE * 
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1 



01225 * * 

01226 **************************************** 

01227 * 



01228A 


1E87 




D7 


A 


CTABL 


FCB 


$D7 





01229A 


1E88 




06 


A 




FCB 


6 


1 


01230A 


1E89 




E3 


A 




FCB 


$E3 


2 


01231A 


1E8A 




A7 


A 




FCB 


$A7 


3 


01232A 


1E8B 




36 


A 




FCB 


$36 


4 


01233A 


1E8C 




B5 


A 




FCB 


$B5 


5 


1234A 


1E8D 




F5 


A 




FCB 


$F5 


6 


01235A 


1E8E 




07 


A 




FCB 


7 


7 


01236A 


1E8F 




F7 


A 




FCB 


$F7 


8 


01237A 


1E90 




B7 


A 




FCB 


$B7 


9 


1238A 


1E91 




77 


A 




FCB 


$77 


A 


01239A 


1E92 




F4 


A 




FCB 


$F4 


B 


01240A 


1E93 




Dl 


A 




FCB 


$D1 


C 


01241A 


1E94 




E6 


A 




FCB 


$E6 


D 


01242A 


1E95 




Fl 


A 




FCB 


$F1 


E 


01243A 


1E96 




71 


A 




FCB 


$71 


F 


01244 










* 








01245 






1E97 


A 


ERROR 


EQU 


* 




01246A 


1E97 


CD 


1DF5 


A 




JSR 


CLRTAB 




01247A 


1E9A 


A6 


Fl 


A 




LDA 


#$F1 




01248A 


1E9C 


B7 


4A 


A 




STA 


DTABL+1 




01249A 


1E9E 


A6 


60 


A 




LDA 


#$60 




01250A 


1EA0 


B7 


4B 


A 




STA 


DTABL+2 




01251A 


1EA2 


B7 


4C 


A 




STA 


DTABL+3 




01252A 


1EA4 


CD 


1DFD 


A 




JSR 


DISTAB 




01253A 


1EA7 


CC 


18B5 


A 




JMP 


CMDSCN 
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01255 

01256 

01257 

01258 

01259 

01260 

01261 

01262A 

01263A 

01264A 

01265A 

01266A 

01267A 

01268A 

01269A 

01270A 

01271A 

01272A 

01273A 

01274A 

01275A 

01276A 

01277A 

01278A 

01279A 

01280A 

01281A 

01282A 

01283A 

01284 

01285A 

01286A 

01287A 

01288A 

01289A 

01290A 

01291A 

01292A 

01293A 

01294A 

01295A 

01296A 

01297A 

01298A 

01299A 

01300A 

01301A 

01302A 

01303A 

01304A 

01305A 

01306A 

01307A 

01308A 

01309A 

01310 

01311 

01312 



**************************************** 

* * 

* MEMORY EXAMINE/CHANGE * 

* * 
**************************************** 



1EAA CD 
1EAD Al 
1EAF 27 
1EB1 B7 
1EB3 B6 
1EB5 Al 
1EB7 23 
1EB9 CC 
1EBC B6 
1EBE CD 
1EC1 CD 
1EC4 CD 
1EC7 Al 
1EC9 27 
1ECB Al 
1ECD 27 
1ECF Al 
1ED1 27 
1ED3 24 
1ED5 CD 
1ED8 CD 
1EDB 25 

1EDD Al 
1EDF 26 
1EE1 B6 
1EE3 CD 
1EE6 25 
1EE8 0C 
1EEB 3C 
1 E ED 26 
1EEF 3C 
1EF1 CD 
1EF4 20 
1EF6 Al 
1EF8 26 
IE FA B6 
1EFC AD 
1EFE 25 
1F00 0C 
1F03 3D 
1F05 26 
1F07 3A 
1F09 3A 
1F0B CD 
1F0E 20 
1F10 ID 
1F12 CC 



1F53 

10 

5F 

50 

52 

IE 

03 

1E97 
50 

1F15 

1F8C 

1F49 

10 

45 

11 

19 

13 

2D 

08 

1F8C 
1F37 
F8 

11 
15 
51 

1F24 
C9 

4F 25 

53 

02 

52 

1FB0 

BB 

13 

16 

51 

26 

Bl 

4F 0D 

53 

02 

52 

53 

1FB0 

Al 

4F 

18AB 



A 


MI? M IT V 


J O K 






A 




CMP 


Jilt 1 11 

ff *? 1 w 




1F1 




BEQ 


\m r-y %£ r-\ \t A 

MEMEX4 




A 


M P »J P V 

MEMEX3 


STA 


WUKK1 




A 




LDA 


ADDRH 




A 




CMP 


#PCMASK 




1EBC 




BLS 


MEMOK 




A 




JMP 


ERROR 




A 


MEMOK 


LDA 


W0RK1 




A 




JSR 


LOAD 


LOAD DATA 


A 




JSR 


PRTDAT 


PRINT IT 


A 




JSR 


GETNYB 


GET NEW NIBBLE 


A 




CMP 


#$10 




1F10 




BEQ 


MEMEX4 




A 




CMP 


#$11 




1EE8 




BEQ 


ADRINC 




A 




CMP 


#$13 




1F00 




BEQ 


ADRDEC 




1EDD 




BCC 


CMDMDL 


IF VA L I D 


A 


MEMEX1 


JSR 


PRTDAT 


PRINT IT 


A 




JSR 


GETBY2 


SHIFT IN NEXT 


1ED5 


* 


BCS 


MEMEX1 


IF VALID TRY AGAIN 


A 


CMDMDL 


CMP 


#$11 


ENTER? 


1EF6 




BNE 


MEMEX2 


NO 


A 




LDA 


WORK 2 


RESTORE ACCA 


A 




JSR 


STORE 


YES STORE IT 


1EB1 




BCS 


MEMEX3 


STORE VALID? 


1F1 


ADRINC 


BRSET 


6 , SWIFLG 


, MEMEX4 


A 




INC 


ADDRL 


YES GOTTO 


1EF1 




BNE 


MEMEX5 


NEXT 


A 




INC 


ADDRH 




A 


MEMEX5 


JSR 


PRTADR 


PRINT IT 


1EB1 




BRA 


MEMEX3 


REPEAT 


A 


MEMEX2 


CMP 


#$13 


MEMORY? 


1F10 




BNE 


MEMEX4 


NO 


A 




LDA 


WORK2 




1F24 




BSR 


STORE 




1EB1 




BCS 


MEMEX3 




1F10 


ADRDEC 


BRSET 


6, SWIFLG 


, MEMEX4 


A 




TST 


ADDRL 


YES THEN 


1F09 




BNE 


CMDMB2 


GET PREVIOUS 


A 




DEC 


ADDRH 


ADDRESS 


A 


CMDMB2 


DEC 


ADDRL 




A 




JSR 


PRTADR 


PRINT IT 


1EB1 




BRA 


MEMEX3 


REPEAT 


A 


MEMEX4 


BCLR 


6, SWIFLG 


INVALID CHAR 


A 


* 


JMP 


GETCMD 





************* 
* 



*************************** 

* 
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01313 

01314 

01315 

01316 

01317 

01318A 

01319A 

01320A 

01321A 

01322A 

01323A 

01324A 

01325A 

01326 

01327 

01328 

01329 

01330 

01331 

01332 

01333 

01334A 

01335A 

01336A 

01337A 

01338A 

01339A 

01340A 

01341A 

01342A 

01343A 

01344 



LOAD BYTE AT ADDRH , ADDRL 
INTO ACCUMULATOR 



1F15 BF 50 
1F17 AE C6 
1F19 BF 51 
1F1B AE 81 
1F1D BF 54 
1F1F BD 51 
1F21 BE 50 
1F23 81 



1F24 BF 50 
1F26 AE C7 
1F28 AD EF 
1F2A B7 55 
1F2C CD 1F15 
1F2F Bl 
1F31 27 
1F33 99 
1F34 BE 50 
1F36 81 



55 
II 



WORK1 


SETUP 


#$C6 


ROUTINE 


WORK2 


TO DO 


#$81 


TWO BYTE 


WORK 3 


LOAD 


WORK2 




WORK1 





**************************************** 
* 

A LOAD STX 
A LDX 
A LDSTCM STX 
A LDX 
A STX 
A JSR 
A LDX 
RTS 

* 

**************************************** 

* * 

* STORE ACCUMULATOR INTO * 

* BYTE AT ADDRH, ADDRL * 

* * 
**************************************** 
* 



A STORE STX WORK1 

A LDX #$C7 

1F19 BSR LDSTCM 

A STA WORK4 

A JSR LOAD 

A CMP WORK4 

1F34 BEQ STRTS 

SEC 

A STRTS LDX WORK1 
RTS 



SETUP 
ROUTINE 
TO DO 
TWO BYTE 
STORE 
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01346 

01347 

01348 

01349 

01350 

01351 

01352 

01353 

01354 

01355A 

01356A 

01357A 

01358A 

01359A 

01360A 

01361A 

01362A 

01363A 

01364A 

01365 

01366 

01367 

01368 

01369 

01370 

01371 

01372 

01373 

01374 

01375 

01376 

01377 

01378 

01379A 

01380A 

01381A 

01382A 

01383A 

01384A 

01385 

01386 

01387 

01388 

01389 

01390 

01391 

01392 

01393 

01394 

01395 

01396 

01397 

01398A 

01399A 

01400A 

01401A 

01402A 

01403A 



1F37 B7 51 
1F39 AD 0E 
1F3B 24 0B 
1F3D 38 51 
1F3F 38 51 
1F41 38 51 
1F43 38 51 
1F45 BA 51 
1F47 99 
1F48 81 



1F49 CD 1E5F 
1F4C 98 
1F4D Al 0F 
1F4F 22 01 
1F51 99 
1F52 81 



1F53 CD 1DF5 
1F56 AD 58 
1F58 AD EF 
1F5A 25 0A 
1F5C Al 10 
1F5E 27 2B 



A 

1F49 
1F48 
A 
A 
A 
A 
A 



A 

1F52 



A 

1FB0 
1F49 
1F66 
A 

1F8B 



**************************************** 

* * 

* BUILD A BYTE * 

* * 

* A REGISTER CONTAINS BYTE * 

* * 
**************************************** 
* 

WORK2 
GETNYB 
GETBRT 
WORK 2 
WORK2 
WORK 2 
WORK 2 
WORK 2 



GETBY2 STA 
BSR 
BCC 
ASL 
ASL 
ASL 
ASL 
ORA 
SEC 

GETBRT RTS 



**************************************** 

* * 

* GET ONE CHARACTER AND * 
CHECK FOR VALID HEX NUMBER * 



A REGISTER CONTAINS OUTPUT 

X REGISTER DESTROYED 

CARRY SET IF VALID HEX NUMBER 



**************************************** 
* 

GETNYB JSR CHRIN GET CHARACTER 

CLC 

CMP #$0F VALID HEX? 

BHI GETRET NO 

SEC YES 
GETRET RTS 
* 

**************************************** 



* BUILD ADDRESS 
* 

* A,X REGISTERS DESTROYED 
* 

* ADDRH , ADDRL CONTAIN ADDRESS * 

* * 

* CARRY SET IF NEW ADDRESS * 

* * 
**************************************** 
* 

GETADR JSR CLRTAB BLANK DISPLAY 

BSR PRTADR 

BLDADR BSR GETNYB GET CHARACTER 

BCS GETAD1 VALID HEX 

CMP #$10 

BEQ GETRTS 
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01404A 


1F60 


Al 


11 


A 




CMP 


#$11 


NO ENTER? 


01405A 


1F62 


27 


27 


1F8B 




BEQ 


GETRTS 


NO TRY AGAIN 


01406A 


1F64 


20 


ED 


1F53 




BRA 


GETADR 




01407A 


1F66 


3F 


52 


A 


GETAD1 


CLR 


ADDRH 


INIT HIGH ADDRESS 


01408A 


1F68 


B7 


53 


A 




STA 


ADDRL 


PUT CHAR AWAY 


01409A 


1F6A 


AD 


44 


1FB0 




BSR 


PRTADR 


PRINT NEW ADDRESS 


01410A 


1F6C 


AD 


DB 


1F49 


GETALP 


BSR 


GETNYB 


i GET ANOTHER CHAR 


01411A 


1F6E 


24 


12 


1F82 




BCC 


GETARG 


VALID? 


01412A 


1F70 


48 








AS LA 




YES 


01413A 


1F71 


48 








AS LA 




SHIFT IT IN 


01414A 


1F72 


48 








AS LA 






01415A 


1F73 


48 








ASLA 






01416A 


1F74 


AE 


04 


A 




LDX 


#4 




01417A 


1F76 


48 






GETASF 


ASLA 






01418A 


1F77 


39 


53 


A 




ROL 


ADDRL 




01419A 


1F79 


39 


52 


A 




ROL 


ADDRH 




01420A 


1F7B 


5A 








DECX 






01421A 


1F7C 


26 


F8 


1F76 




BNE 


GETASF 




01422A 


1F7E 


AD 


30 


1FB0 




BSR 


PRTADR 


PRINT NEW ADDR 


01423A 


1F80 


20 


EA 


1F6C 




BRA 


GETALP 


GET ANOTHER CHAR 


01424A 


1F82 


Al 


10 


A 


GETARG 


CMP 


#$10 




01425A 


1F84 


27 


05 


1F8B 




BEQ 


GETRTS 




01426A 


1F86 


Al 


11 


A 




CMP 


#$11 


IS ENTER? 


01427A 


1F88 


26 


E2 


1F6C 




BNE 


GETALP 


NO TRY AGAIN 


01428A 


1F8A 


99 








SEC 




YES SET FLAG 


01429A 


1F8B 


81 






GETRTS 


RTS 







01430 
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01432 

01433 

01434 

01435 

01436 

01437 

01438 

01439 

01440 

01441 

01442 

01443 

01444 

01445A 

01446A 

01447A 

01448A 

01449A 

01450A 

01451A 

01452A 

01453A 

01454A 

01455A 

01456A 

01457A 

01458A 

01459A 

01460A 

01461A 

01462A 

01463A 

01464A 

01465 

01466 

01467 

01468 

01469 

01470 

01471 

01472 

01473 

01474A 

01475A 

01476A 

01477A 

01478A 

01479A 

01480A 

01481A 

01482A 

01483A 

01484A 

01485 



**************************************** 



1F8C AE 
1F8E BF 
1F90 B7 
1F92 44 
1F93 44 
1F94 44 
1F95 44 
1F96 97 
1F97 D6 
1F9A BE 
1F9C E7 
1F9E B6 
1FA0 A4 
1FA2 97 
1FA3 D6 
1FA6 BE 
1FA8 E7 
1FAA CD 
1FAD B6 
1FAF 81 



1FB0 
1FB2 
1FB4 
1FB6 
1FB7 
1FB9 
1FBB 
1FBD 
1FBF 
1FC1 
1FC3 



04 

50 
55 



1E87 

50 

49 

55 

0F 

1E87 

50 

4A 

1DFD 
55 



B7 56 
BF 54 
B6 52 
5F 

AD D5 
B6 53 
AE 2 
AD CF 
B6 56 
BE 54 
81 



PRINT ONE BYTE INTO PAIR 
OF DISPLAY DIGITS 

A REGISTER CONTAINS BYTE 

X REGISTER POINTS TO 1ST 
DIGIT OF PAIR 



* 
* 
* 
* 
* 
* 

* * 
**************************************** 



A 


PRTDAT 


LDX 


#4 


A 


PRTBYT 


STX 


WORK1 


A 




STA 


WORK 4 






LSRA 








LSRA 








LSRA 








LSRA 








TAX 




A 




LDA 


CTABL,X 


A 




LDX 


WORK1 


A 




STA 


DTABL , X 


A 




LDA 


WORK4 


A 




AND 


#$0F 






TAX 




A 




LDA 


CTABL , X 


A 




LDX 


WORK1 


A 




STA 


DTABL+1 , X 


A 




JSR 


DISTAB 


A 




LDA 


WORK4 






RTS 





PRINT IN LAST TWO DIGIT 



**************************************** 

* ' * 

* PRINT ADDRESS ADDRH , ADDRL * 

* * 

* X REGISTER DESTROYED * 



**************************************** 



A PRTADR 


STA 


WORK 5 


A 


STX 


WORK 3 


A 


LDA 


ADDRH 




CLRX 




1F8E 


BSR 


PRTBYT 


A 


LDA 


ADDRL 


A 


LDX 


#2 


1F8E 


BSR 


PRTBYT 


A 


LDA 


WORK5 


A 


LDX 


WORK3 




RTS 
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01487 

01488A 

01489 

01490A 

01491A 

01492 

01493 

01494A 

01495A 

01496A 

01497A 

01498A 

01499A 

01500A 

01501 

01502A 

01503A 

01504 

01505A 

01506 

01507A 

01508A 

01509A 

01510A 

01511A 

01512 

01513 

TOTAL 



1FC4 80 

1FC5 80 
1FC6 80 



1FC7 A6 
1FC9 B7 
1FCB CD 
1FCE E6 
1FD0 BA 
1FD2 E7 
1FD4 CC 

1FD7 CD 
1FDA 8E 

1FF6 



TIRQWV RTI 



1FC7 

40 

09 

1916 
04 
57 
04 

1928 
1E07 



IRQV 



TIRQV 



RTI 
RTI 

EQU 
LDA 
STA 
JSR 
LDA 
ORA 
STA 
JMP 



A PWRDWN JSR 
STOP 

* 

ORG 



#$40 

TIMEC 

LOCSTK 

4,X 

WORK6 

4,X 

PCOUNT 
CLRDIS 



$1FF6 



1FF6 


0046 


A 


FDB 


TIRQW 


1FF8 


0043 


A 


FDB 


TIRQ 


IF FA 


0040 


A 


FDB 


IRQ 


1FFC 


1856 


A 


FDB 


SWI 


1FFE 


1800 


A 


FDB 


RESET 



END 



ERRORS 00000-00000 
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MC68000 DMA 
USING THE MC6844 DMA CONTROLLER 



Prepared by 
Arnold Morales 
Microprocessor Applications Engineering 



The MC6844 DMA Controller (DMAC) can be interfaced 
to the MC68000 microprocessor to provide flexible, low- 
cost, relatively high performance DMA control in an 
MC68O0O-based system. In designing such a system, three 
interface requirements must be considered: 

1 . The DMAC should operate at maximum frequency for 
efficient data transfer. High performance systems may 
require the use of the two megahertz device 
(MC68B44), so the system must allow the MC68000 to 
access the DMAC asynchronously. 

2. Handshake logic must be implemented to arbitrate 
control of the system bus between the MC68000, the 
DMA control system, and other possible bus masters. 

3. The MC6844 is an 8-bit device intended for use in 
MC68000 systems, capable of direct memory access 
through only a 64K memory space, and also lacks 
certain bus strobes necessary for simple implementa- 
tion in an MC68000-based system. A bus interface 
must be designed to allow direct memory access 
throughout the entire 16 megabyte MC68000 memory 
map and to provide the required bus strobes needed 
for successful use in an MC68OO0-based system. 

This application note describes designs to meet each of 
these requirements. These designs are then combined to 
form a direct memory access control system for the 
MC68000. An implementation of the complete system is 
presented in block diagram form using an MC6854 Ad- 
vanced Data Link Controller (ADLC) and a static memory 
buffer. 



MC6844 ASYNCHRONOUS INTERFACE OPERATION 

The MC6844 can be interfaced asynchronously to the 
MC68000 using the circuitry presented in Figure 1. This 
circuit allows the MC68000 to access a DMAC driven by an 
E clock that is either synchronous or asynchronous to the 
MC68000 clock. It generates DMAC chip select at the proper 
time to satisfy DMAC timing requirements, latches data to 
satisfy data hold time requirements, and asserts data transfer 
acknowledge at the proper time to ensure valid data transfer 



between devices. This circuit can be used to interface other 
MC68O0 peripherals, and is used to interface to the ADLC as 
well as the DMAC in the system implementation presented at 
the end of this application note. 



CIRCUIT OPERATION — When the MC68000 per- 
forms a read or write bus cycle (accessMhe processor asserts 
one or both of the two data strobes (DS), an address strobe 
(AS), the read/write (R/W) signal, and an address. The 
processor also outputs data during write cycles. 

The MC68000 remains in this state until the bus cycle is 
terminated. Data transfer acknowledge (DTACK) is asserted 
by the peripheral or memory device being accessed to initiate 
termination of the bus cycle by the MC68000. 

The circuit in Figure 1 synchronizes MC68000 accesses to 
the DMAC with the E clock. In itially, f lip-flops U1A and 
U1B are cleared causing a high DTACK output setting U2 
and U3 into a transparent mode. Latch U2 is in the high- 
impedance state due to a high on the output enable (OE) 
input. Latch U3 is enabled due to a low on the OE input. 

At the start of a DMAC access, latch U3 remains enabled 
if the access is a write. If the access is a read, the high R/W 
and DMAC Select inputs to U4A cause U3 to go to the high- 
impedance state and U2 to become enabled. The DMAC 
Select signal is asserted when the DMAC is addressed. 
However, the DMAC is actually selected by the assertion of 
CS (DMAC). Flip-flop Ul A is clocked high on the first fall- 
ing edge of E after DMAC Select and data strobe (DS) are 
asserted. The Q output of U1A is applied to U4D, asserting 
CS (DMAC). Selecting the DMAC at this time ensures that 
the DMAC has adequate address setup time. 

On the next falling edge of E, the Q output of UIB is 
clocked low asserting DTAC K and la tching data into the 
enabled latch. The asserted DTACK signal, inverted by 
U4D, deselects the DMAC by causing CS (DMAC) to go 
high. When the access terminates, flip-flop Ul is cleared by 
the negation of DS, and the interface circuitry is initialized 
for the next access. The DTACK signal is buff ered by an 
open-collector buffer (U5) to allow assertion of DTACK by 
other devices when the DMAC is not being accessed. 
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Figure 1. MC6844 Asynchronous Interface 



BUS ARBITRATION INTERFACE 

The MC6844 is an 8-bit, 4-channel DMA Controller capa- 
ble of performing direct memory transfers of a user defined 
number of data bytes (data block) within a 64K byte memory 
space. Associated with each channel of the controller are: 

• A transfer request (TxRQ) input which is asserted by a 
peripheral controller or a processor to request DMA 
service. 

• A 16-bit address register which is initialized with the 
beginning address of the data block to be transferred. 

• A 16-bit byte count register which is initialized with the 
desired number of data bytes (size of the data block) to 
be transferred. 

Each channel can perform DMA transfers in one of three 
modes: TSC Steal, Halt Steal, and Halt Burst. Two of these 
modes, TSC Steal and Halt Steal, are single-byte transfer 
modes in which the DMAC returns control of the system bus 
to the processor after each transfer, while the Halt Burst 



mode is a block transfer mode in which the DMAC retains 
control of the system bus until the last byte of the data block 
has been transferred. 

The bus arbitration circuit presented in Figure 2 is de- 
signed for the Halt Steal and Halt Burst modes of operation. 
The TSC Steal mode is intended for use with the MC6800 
and offers no advantage over the Halt Steal mode in 
MC68000 applications. 

In the Halt Steal mode the DMAC respond s to a tr ansfer 
request by asserting DMA request halt steal (DRQH). The 
DMAC then waits until DMA grant (DGRNT), a DMAC 
input, is asserted. At this time, o ne transfer of data is initial- 
ized and tra nsfer str obe (TxSTB) is asserted, followed by the 
negation of DRQH. This sequence is repeated until all data 
has been transferred. 

The same sequence is follo wed in the Halt Burst mode 
with the exception that DQRH is negated only after the last 
byte of the data block has been transferred. In this mode, 
bus mastership is arbitrated once, then data transfers occur 
in succession until all data has been transferred. 
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Figure 2. Bus Arbitration Interface 



CIRCUIT OPERATION — For either a Halt Steal or 
Halt Burst DMA transfer by the control systems presented in 
this application note, three conditions must be met: 

1. Transfer request (TxRQ) must be asserted. 

2. DRQH must be asserted. 

3. All bus masters must have relinquished the bus to 
ensure that DMA grant (DGRNT) is asserted. 

Initial ly DGRNT is low, bus grant ack nowled ge 
(BGACK) is not asserted by the interface, and TxSTB is 
high. T he DM AC resp onds to a transfer request by asserting 
DRQH. Once DRQH is asserted, it remains asserted until 
the DMAC performs a byte transfer in the Halt Steal mode 
or until the last byte of a designated memory block is trans- 
ferred in the Halt Burst mode. 

Transfer request (TxRQ) is coupled through U 1 and U2 so 
that MC68000 bus request (BR) is asserted when TxRQ is 
asserted. By requesting a DMA transfer and bus arbitration 
simultaneously (disregarding gate propagation delay), DMA 
latency time is minimized. The MC68000 responds to a bus 
request by asserting bus grant (BG) and relinquishing the 
bus. 

When DRQH is asserted and all bus maste rs are o ff the 
system b us, indicated by the negation of AS, DTACK, and 
BGACK, flip-flop U3A-U3B is set by the assertion of the 03 
output of U4. The setting of flip-flop U3A-U3B asserts 
DGRNT to initiate DMA transfer(s), and also asserts 
BGACK to keep other bus masters off the bus. Bus grant 



(BG) is negated by the MC68000 soon after BGACK is 
asserted. 

Flip-flop U3A-U3B is cleared on the rising edge of TxSTB 
after it is asserted during each DMA cycle in the Halt Steal 
mode, and during the last cycle of a block transfer in the 
Halt Bu rst mode. Clearing flip-flop U3A-U3B negates 
BGACK to release the system bus, and negates DGRNT to 
stop DMAC transfer acti vity. 

The MC68000 BR and BGACK signals are driven by open 
collector gates to allow other devices to also request the 
system bus. A pullup resistor is used to hold AS in the 
negated state during transitions in bus ownership. 

BUS INTERFACE REQUIREMENTS 

A general direct memory access controller for an 
MC68OO0-based system must allow direct memory access 
throughout the entire 16 megabyte memory map of the 
MC68000. In addition, it must assert the appropriate data 
strobe(s) and an address strobe. The MC6844 does not sat- 
isfy these requirements; therefore, TTL devices must be used 
to meet these needs. 

The MC68000 can perform three types of data transfers: 
word transfers (D0-D15), byte transfers to/from lower data 
bytes (D0-D7), and byte transfers to/from upper data bytes 
(D8-D15). When transferrin g a b yte, the MC68000 asserts 
either the upper data strobe (UDS) or the lower data strobe 
(LDS), depending on whether an upper or a lower data byte 
is being transferred; and when transferring a word, it asserts 
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Figure 3. MC68000 Word and Non-Sequential Byle Transfer Interface System 
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both UDS and LDS. The MC68000 asserts AS during each 
type of transfer. 

The following are general designs which can be modified 
to meet individual system requirements. The two designs 
presented differ in the types of transfer they perform. 

Only two of the four DMAC channels are used in each 
design. However, these interfaces can be easily modified for 
four-channel operation. 

WORD AND NON-SEQUENTIAL BYTE 
TRANSFER INTERFACE SVSTEM 

An MC68000 DMA control system capable of word 
transfers and byte transfers to/from upper byte or lower 
byte memory locations is presented in Figure 3. 

In this system, address lines A0-A15 from the DMAC are 
connected to MC68000 system address lines SA1-SA23 and 
as the DMAC address lines increment or decrement (accord- 
ing to user option), the system address is incremented/ 
decremented by words, rather than bytes; that is, the system 
address changes in increments of two bytes. 

The system upper address lines SA17-SA23, are latched 
into transparent latches U2 and U3 during initialization, 
which are enabled during a DMA transfer. Latch U2 is the 
channel upper address latch, with its chip select labeled A: 
latch U3 is the channel I upper address latch, with its chip 
select labeled B. During a direct memory access, transfer 
acknowledge A (TxAKA) from the DMAC is asserted during 
channel 1 transfers, and negated during channel transfers. 
This DMAC output is used to enable the proper address 
latch during a direct memory access. 

The type of direct memory access transfer (word or byte) 
is determined by the state of latch U4 during the access. 
Latch U4 with its chip select labeled C, is connected to 
system data bus lines SD0-SD3 an d, t hroug h thr ee-state 
buffer U5, to system data strobes LDS and UDS. When 
writing to latch U4 during initialization, the states of SD2 
and SD3 determine the states of the data strobes during a 
channel 1 direct memory access, and the states of SDO and 
SD1 determine the states of the data strobes during a channel 
direct memory access. For word transfer both of the data 
strob es must be asserted, while for byte transfers either the 
LDS or UDS is asserted, depending on whether a lower data 
byte (D0-D7) or an upper data byte (D8-D15) is being trans- 
ferred. 

Note that in memory organized in 16-bit words, byte 
transfers are to/from either the upper byte or the lower byte 
of memory during each DMA block transfer. 

During a direct memory access the appropriate U4 latch 
states are gated onto the system bus by U5. The appropriate 
U5 buffers are enabled by latch U2 during channel access, 
and by latch U3 during channel 1 access. 

When DGRNT is asserted, the R/W signal to the periph- 
eral controller is inverted by exclusive OR gate U6. 

Transfer strobe (TxSTB) is fed through an open collector 
buffer to the system AS line. During a direct memory access 
transfer the AS out put of the MC68000 is in the high- 
impedance state and TxSTB is used as the system address 
strobe. Transfer strobe is asserted by a DMAC operating at 2 
megahertz for at least 370 nanoseconds to indicate a valid 
address during a direct memory access, and may require 
conditioning for use as an address strobe during direct mem- 
ory access in some systems. 



SEQUENTIAL MEMORY BYTE 
TRANSFER INTERFACE SYSTEM 

An MC68000 DMA control system capable of byte trans- 
fers to/from sequential memory locations in a memory orga- 
nized in 16-bit words is presented in Figure 4. In this system, 
address lines A1-A15 from the DMAC are connected to 
MC68000 system address lines SA1-SAI5. Address line AO 
of the DMAC is connected to inverting buffer U4. Buffer U4 
is enabled by DGRNT to generate the data strobes. Only one 
data strobe is asserted at a time. E ach time t he D MAC 
increments/ decrements, the state of UDS and LDS alter- 
nate. System address line SAI changes stale only after each 
data strobe is asserted for one DMA cycle and negated for 
one DMA cycle. By doing this, data is transferred to/from 
consecutive byte locations in the word-dimensioned memory 
map. 

Latches U2 and U3 latch upper system address lines 
SA16-SA23 during initialization and their operation is iden- 
tical to the circuit presented in Figure 3. 

COMPLETE SYSTEM IMPLEMENTATION 

A block diagram of a complete MC68000 DMA system 
using the MC6844 DMAC for controlling DMA between an 
MC6854 ADLC and a block of memory is presented in 
Figure 5. Data transfer in this system is between the ADLC 
and lower memory byte locations (D0-D7). 

The ADLC asserts receiver data service request (RDSR) 
each time the receiver FIFO register requires servicing, and 
transmitter data service request (TDSR) each time the trans- 
mitter is ready for data. These outputs are tied to transfer 
request channel (TxRQO) and transfer request channel 1 
(TxRQl ) of the DMAC so that DMAC channel services the 
ADLC receiver, and DMAC channel 1 services the ADLC 
transmitter. 

The block labeled "MC6854 Register Select, R/W Con- 
trol" is used to address the ADLC transmit or receive regis- 
ter and to invert the read/write signal during a direct mem- 
ory access. This circuit puts the address bus from the ADLC 
in the high-impedance state during the direct memory access 
and forces ADLC register select zero (RSO) to a low slate and 
register select one (RSI) lo a high state, so that during a 
direct memory access either the transmit FIFO register or the 
receiver FIFO register is selected according to the state of the 
R/W signal. The circuit uses DMAC DEND to select the 
frame terminate register of the ADLC during the last byte of 
a DMA block transfer when servicing the transmitter FIFO. 
During a di rect me mory access, the ADLC is selected by 
assertion of TxSTB to ensure that the ADLC is selected only 
during valid direct memory access cycles. 

System mem ory is co nnected directly to the system bus. 
The "Memory DTACK Gen." consists of a counter driven 
by the MC68000 clock, and enabled by an asserted address 
strobe when memory is acces sed by the processor. Data 
transfer acknowledge (DTACK) is "picked off" one of the 
counter pins so that it is asserted at some preset time interval 
after memory is accessed. 

Memory address decoding is the same for both direct 
memory access and processor data transfers. However, dur- 
ing a dir ect mem ory access, memory is deselected by the 
NOR or DGRNT and E. This ensures that, during a direct 
memory access, the memory will latch written data at the fall 
of E, when ADLC data is valid. 
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Figure 4. MC68000 Sequential Meraorj Byte Transfer Interface System 
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ADDITIONAL SYSTEM ENHANCEMENTS 

Two enhancements to the direct memory access contro] 
systems presented in this application note should be consid- 
ered. One improvement increases ADLC throughout, and 
the other allows memory to memory DMA data transfers. 



THROUGHPUT ENHANCEMENT — Worst-case 
DMA latency of the systems described in this application 
note are 1 . 1 8 microseconds for MC68000 systems that do not 
implement the Read-Modify- Write instruction, and 1.68 mi- 
croseconds for systems that do implement the instruction. 
This is the worst-case delay between assertion of TxRQ and 
the beginning of the direct memory access cycle to service the 
channel, and allows for propagation delay through the gates 
in the bus arbitration handshake logic. These times assume 8 
megahertz processor operation, and 2 megahertz controller 
operation. 

The ADLC service latency can be reduced by designing a 
FIFO buffer to handle data transfers between the ADLC and 



the rest of the system. In this technique, the FIFO buffer 
services the ADLC, and direct memory access transfer is 
between the FIFO buffer and system memory. 

MEMORY TO MEMORY DMA — The direct memory 
access designs presented in this application note can be easily 
modified to perform memory to memory data transfer. 

The DMAC will perform a direct memory access transfer 
for each cycle in the Halt Burst mode while TxRQ is as- 
serted, until the block transfer is complete. In this way, an 
MC68B44 clocked at 2 megahertz can perform a direct ac- 
cess at a 2 megahertz rate. For memory to memory transfer, 
all that is needed is to allow one memory block to be ad- 
dressed directly by the DMAC during direct memory access, 
and transpose the address to access the other memory block. 
During a direct memory access, the DMA R/W signal to one 
of the memory blocks must be inverted so that during each 
direct memory access cycle data is read from one memory 
location in one memory block, and is written into another 
location in the other memory block. 
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AN INTELLIGENT TERMINAL 
WITH DATA LINK CAPABILITY 



By 

Charles Melear 
Microprocessor Applications Engineer 



INTRODUCTION 

A small but powerful terminal complete with high speed 
data link can be constructed with a minimum number of 
NMOS LSI circuits. Operating systems can be developed to 
make this terminal act as a word processor, point-of-sale ter- 
minal, data input source, etc. The data link capability allows 
the operator to call in the resources of remote computers at 
synchronous serial data rates of up to 1.5 megahertz. 

Five devices form the core of the terminal as shown in 
Figure 1. An MC6809 Microprocessor (MPU) was chosen 
because of its many hardware and software features. 

The MC6845 CRT Controller (CRTC) permits the use of a 
video display monitor. This controller was chosen because it 
allows complete software control of the video display 
monitor. Vertical sync delay, horizontal sync width and 
delay, blanking, number of characters-per-row, and rows- 
per-screen are all programmable. 

Serial keyboard input capability is provided by an MC6850 
Asynchronous Communications Interface Adapter (ACIA) 
which performs the serial/parallel conversions. This applica- 
tion polls the ACIA to check for a data present indication in- 
stead of using an interrupt. This polling method provides the 
highest priority and shortest response time to the high speed 
data link. 

High speed data link capabilities are provided by an 
MC6854 Advanced Data Link Controller (ADLC). The 
ADLC detects the start of a message, receives the message, 
calculates and appends a CRC character, and provides a clos- 
ing flag. Serial data rates of 1.5 megahertz are possible with 
this system. To operate at these speeds, direct memory access 
capability is needed and is provided, in this application, by 
an MC6844 Direct Memory Access Controller (DM AC). A 
data transfer can be processed every four bus cycles when an 
MC6854 ADLC and an MC6844 DMAC are used together. 

MC6845 CRT CONTROLLER (CRTC) 

The CRTC provides horizontal sync, vertical sync, and 
blanking to a video display monitor along with the memory 



address of the data to be displayed. A cursor output is also 
provided. Once the CRTC is initialized, it performs the func- 
tion of controlling the video display monitor without in- 
tervention by the processor. Initialization is accomplished by 
writing the appropriate values into the 16 programmable 
registers. Figure 2 Sheet 1 is a worksheet which can be used to 
collect the information required to calculate the values need- 
ed for the CRTC register worksheet given in Figure 2 Sheet 2. 
It is assumed that the video display monitor uses a 60 hertz 
power source and a 15,750 hertz horizontal oscillator fre- 
quency. After initialization, the CRTC starts with the ad- 
dress located in the start address register. The ASCII 
character represented by the hexadecimal value at that loca- 
tion will appear in the upper left-hand corner of the video 
display monitor. The CRTC advances the memory address 
lines by one with each character clock. The first row will con- 
tain the number of characters specified in the horizontal 
display register. 

Due to synchronization problems between the CRT clock 
and several other signals, it is possible that the first character 
could be only partially displayed. Figure 3 shows how this 
can happen because the time between the CRT clock and 
display enable (Tx) is an internal function of the CRTC. The 
first character will be partially displayed because display 
enable goes high approximately in the middle of the first 
character. This problem can be resolved by writing an ASCII 
blank (20) at the first character location and using the second 
character location to display the first character. 

The screen memory must be accessible to the processor for 
updating. Since the CRTC memory address lines normally 
drive the screen memory, multiplexers are used to select 
either the CRTC memory address lines or the processor ad- 
dress lines. A decoding network selects the processor address 
lines any time an address between $0000 and $1FFF is 
detected. The data bus for the screen memory is isolated 
from the processor data bus by SN74LS243 transceivers. 
These devices are normally in the high-impedance state in 
both directions except during a processor read or write of the 
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Figure 1. Intelligent Terminal — Block Diagram 



screen memory. The direction signals for the transceivers are 
derived from the select signal to the address line multiplexers 
and the read/write from the processor. 

The output of the screen memory is latched into an 
SN74LS374 octal latch. The shift/load signal is used as a 
strobe to the latch. This latch is used to synchronize data 
flow between the screen memory and the output shift 
register. The latch holds data for one full CRT clock cycle 
and is used mainly to remove concern about memory pro- 



pagation times. The output of the latch drives an MCM66740 
character generator which feeds the parallel input of an 
SN74LS165 shift register. The shift/load signal is used to 
load the shift register. The dot clock is used to serially shift 
the data from the shift register. 

In order to display a row of characters on a video display 
screen, the top line of each character must be addressed, then 
the second line, and so on until each row has been displayed. 
The CRTC steps through all the addresses to be displayed in 
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Figure 2. CRTC Programming Worksheet (Sheet 1 of 2) 



CRTC Register Worksheet 



R0 Horizontal Total (Line 15 minus 1) 

R1 Horizontal Displayed (Line 1) 

R2 Horizontal Sync Position (Line 1 + Line 12) 

R3 Horizontal Sync Width (Line 13) 

R4 Vertical Total (Line 9 minus 1) 

R5 Vertical Adjust (Line 9a Lines) 

R6 Vertical Displayed (Line 2) 

R7 Vertical Sync Position (Line 2+ Line 10) 
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Figure 2. CRTC Programming Worksheet (Sheet 2 of 2) 
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the first character row, increments the row address by one, 
and then steps through the same addresses again. This pro- 
cedure is repeated until the row address is equal to the ad- 
dress contained in the maximum scan line address register. 
The row address is reset to zero and the second character row 
is displayed. 

A cursor may be programmed to appear at any location 
within the display memory area. The cursor output signal is 
logically ORed with the output of the data output shift 
register to form a new signal called cursor plus data. 

Display enable is used for vertical and horizontal blanking. 
The data to the video display monitor must be enabled only 
during the time that the beam of the video display monitor is 
sweeping what has been defined as the display area. Other- 
wise, random data may appear at the edges of the screen and 
horizontal and vertical retrace lines may also be visible. 
Display enable goes high as the first character of a row is 
displayed and goes low just after the last character of a row is 
displayed. 

Signals which include cursor plus data, display enable, and 
the select signal to the address line multiplexers are ANDed 
to form the composite data signal applied to the video 
display monitor. The select signal to the address line 
multiplexer is included to suppress any spurious data that 
may occur when the processor accesses the display memory. 
Composite data is fed to a D-type flip-flop that is clocked by 
the dot clock. This ensures that boundaries between dot 
periods in the composite data signal occur at regular inter- 
vals. 



MC6844 DIRECT MEMORY ACCESS CONTROLLER 
(DMAC) 

This application has local keyboard interface capability 
through use of an MC6850 Asynchronous Communications 
Interface Adapter (ACIA). It also has serial data link 
capability through the use of an MC6854 Advanced Data 
Link Controller (ADLC). This is a high speed data link 
capable of data transfer rates up to 1.5 megabits per second. 
If used at maximum speed in full duplex, a polling routine 
would not be able to handle the transmitted and received 
data. Therefore, direct memory access capability is needed. 
At one megabit data transfer rates, a data transfer must oc- 
cur every four microseconds if full duplex operation is used. 
An MC6844 Direct Memory Access Controller (DMAC) can 
transfer data at that rate. One transfer is made every eight 
microseconds on each of two channels or one byte received 
and one byte transmitted during eight microseconds. The 
DMAC has four channels, but only two are used in this ap- 
plication. When enabled, two different pins on the ADLC 
are used to indicate that the transmit data register is empty 
and that the receiver FIFO buffer is full. These signals are 
used to make transfer requests to channels zero and one of 
the DMAC. 

When the transfer request line (TxRQ) goes high in 
response to a service request from the ADLC, the DMAC re- 
quests the data bus from the MPU. When the data and ad- 
dress buses are available, the MPU will assert bus available 
(BA) and bus status (BS). The logical AND of these signals is 
the DMA grant signal (DGRNT) to the DMAC. When DMA 
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grant is received, the DMAC automatically takes control of 
the buses in one cycle and performs the data transfer during 
the next cycle. The bus request from the DMAC is released 
during the transfer cycle. The MC6809 will not attempt to 
regain the bus until one full cycle after the release of bus re- 
quest. The bus available and bus status signals from the 
MPU are released immediately after the removal of bus re- 
quests which causes DMA grant to go low. This allows the 
DMAC to put its bus drivers in the high-impedance state in 
the cycle following the transfer without the possibility of bus 
contention by the MPU. 

The DMAC has a number of 8-bit registers to be program- 
med. Figure 4 is an illustration of these registers. Channel 
zero is a transmit channel and its address register (registers 
and 1) is loaded with the first address in memory to be 
transferred. The channel zero byte count register (registers 2 
and 3) is loaded with the number of bytes to be transferred. 
The address register for channel one (register 4 and 5) is load- 
ed with the first address in memory to serve as a destination 
for data. The byte count register for channel one (registers 6 
and 7) should be loaded with SFFFF since the length of an in- 
coming message is generally not known. This value will allow 



a message of any length. Registers 8 through F are not used. 
In this application, channel zero is programmed for the 
three-state control steal transfer mode and read (from 
memory to ADLC); and channel one is programmed for 
three-state control steal transfer mode and write (from 
ADLC to memory). 

The priority control register is used to enable the transmit 
and receive channels when desired. Only interrupt re- 
quest/DMA end (IRQ/DEND) for channel zero is enabled in 
the interrupt control ^register. This will cause an interrupt 
when the channel zero byte count register is decremented to 
zero indicating that all bytes have been transferred. A DMA 
end (DEND) will occur when the last byte is t ransferre d to 
the transmit regis ter of the ADLC. DMA end (DEND) and 
interrupt request (IRQ) are multipl exed on one p in. By tak- 
ing t he logical OR of DGRNT and I RQ/DE ND, a separate 
IRQ can be obtained. The separate DEND is obtained by 
taking the logical OR of the tran s fer stro be (TxSTB) and in- 
terrupt request/DMA end (IRQ/DEND). In actual use the 
DMAC is programmed and enabled before the ADLC is 
enabled. This will ensure that transfers can begin immediate- 
ly upon initialization of the ADLC. 
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Address and Byte Count Registers 
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Figure 4. MC6844 DMAC Registers 
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MC6854 ADVANCED DATA LINK CONTROLLER 
(ADLC) 

The ADLC handles the data link protocol. Basically, the 
ADLC transmits and receives serial data in full duplex. The 
data format of message frame is shown in Figure 5. When 
transmitting, the transmit data output (TxD) will either be 
high (mark idle) or sending a series of opening flags (flag 
idle). Upon writing a word to the transmit FIFO register, an 
opening flag will be sent followed by the data. Details of the 
ADLC registers are given in Figure 6. Data must be supplied 
to the transmit FIFO register at a rate sufficient to ensure 
that the data output shift register never becomes empty. The 
last byte to be transmitted is written to the transmit last data 
register. As soon as the last byte is transmitted, the ADLC 
automatically appends a 16-bit cyclic redundancy character 
(CRC) in the frame check sequence field and a closing flag. 
The receiver constantly searches the data stream for an open- 
ing flag with which to synchronize. After an opening flag is 
detected, the first non-flag character and all succeeding bytes 
are shifted into the receiver FIFO register and CRC calcula- 
tion is started. The receiver FIFO register must be read fast 
enough to ensure that a receiver overrun does not occur. 
When a closing flag is detected, the ADLC takes the prior 16 
bits and compares it to the CRC generated by the receiver. 
The CRC is not shifted into the receiver FIFO register. 

The chip select (CS) pin of the ADLC must be asserted 
whenever the DMAC requests data by issuing a transmit 
strobe or when the address of the ADLC appears on the ad- 
dress bus. The logical ANDing of TxSTB and the addressof 
the ADLC is used to develop a composite chip select (CS) 
signal. 

When a DMA transfer occurs between memory and the 
ADLC, the DMAC controls the_R/W line for the system. 
During the transfer cycle, the R/W line of the ADLC must be 
inverted with respect to the system R/W line. This is ac- 
complished by exclusive ORing TxSTB and R/W. If TxSTB 
is low (no transfer), the output follows R/W. If TxSTBjs 
high (transfer cycle), the output is the complement of R/W. 

The ADLC requires that the last byte to be transferred be 
treated differently. The system may set bit four of control 
register two high and write the last byte into the transmitter 
(continue) data register or the last byte can be written into the 



transmitter (last) data re gister. I n this applicati on, the latter 
method is used by using TxSTB, TKQ7DEND, and R/W to 
control a dual, 4-to-l data selector. The truth ta ble for the 
data selector is shown in Table 1. When DE ND is lo w, the 
DMAC is indicatin g that th is is the last byte. DEND occurs 
coincidentally with TxSTB which forces the register selects 
(RSO, RSI) of the ADLC high a nd selects the transmitter 
(last) data register. If only TxSTB is low, register select zero 
will be low and register select one will be high and the 
transmitter (continue) data register will be selected. 

MC6809 MICROPROCESSING UNIT (MPU) 

The MC6809 must be discussed from two viewpoints — 
hardware and software. 

HARDWARE — The internal clock of the MPU is made 
to work with the MC6844 DMA Controller. Figure 7 is a tim- 
ing diagram for a DMA response and th ree-stat e steal. The 
DMA request thre e-state control steal (DRQT) output of 
DMAC drives the DMA/BREQ input of t he MPU . As 
shown in Figure 7 , the fi r st full c ycle following DRQT going 
low (which causes DMA/BREQ to also go low) is a dead cy- 
cle. Si nce the DRQT low output from the DMA results in the 
DMA/BREQ input to MC6809 going low, it is a dead cycle 
for both the DMA and the MC6809. Dead time is the time re- 
quired for the MPU to relinquish control of the bus and the 
DMAC to gain control of the bus. The next cycle ac- 
commodates the DMA transfer. During this cycle, DRQT is 
released. The MPU automatically inserts one dead cycle after 
DMA/BREQ is released. This gives the DMAC one cycle to 
relinquish control of the bus and the MPU to gain control of 
the bus. After the dead cycle, the MPU assumes normal con- 
trol. 

The MC6809 has no equivalent of the valid memory ad- 
dress (VMA) signal which is available on the MC6800. Nor- 
mally a VMA is not needed; however, during the dead cycles 
which precede and follow a DMA transfer, the buses are 
undefined. This allows the possibility of a spurious write into 
a random memory location. This possibility can be 
eliminated by developing a signal called direct memory access 
valid memory address (DMAVMA). The DMA grant 
DGRNT signal from the DMAC and the E signal are used to 
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Figure 5. Data Format of a Message Frame 
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Figure 6. MC68S4 ADLC Internal Register Details 
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develop the DMAVMA signal as s hown in Figu re 8. A timing 
diagram showing the effect of the DMAVMA signal is given 
in Figure 7. 

SOFTWARE — The flowchart used to generate the soft- 
ware to operate this system is shown in Figure 9 and the soft- 
ware listings are shown in Figures 10 and 11. Figure 10 uses 
the ADLC in the priority mode while Figure 1 1 uses the non- 
priority mode. The software overhead in this program limits 
the operation of the data link to about 62 kHz. However, this 
program is highly instructive in the use of the ADLC/DMAC 
combination. 

The MC6809 has been shown to have definite hardware 
advantages primarily due to the internal DMA compatible 
clocks; however, the software advantages are are also quite 



impressive. The use of the Direct Page Register allows signifi- 
cant reductions in the amount of object code that must be 
generated. The Direct Page Register is an 8-bit register that 
forms the upper byte of a 16-bit address instead of assuming 
the upper byte is $00 when a direct instruction is executed. 

The two programs contained in Figures 10 and 1 1 show the 
use of the ADLC in the priority and non-priority modes, 
respectively. The priority mode program requires 660 bytes 
of code without the Direct Page Register. However, 43 bytes 
of code were saved when the scratch RAM was moved from 
$0000 to $BF10. The Direct Page Register was set to $BF so 
that the scratch RAM and peripherals could all be addressed 
with direct instructions. The non-priority mode, which 
originally required "".8 bytes of code, was reduced by 36 
bytes when the Direct Page Register was used. 

By setting the Direct Page Register to $BF, one byte of 
code will be saved each time locations $BF00 to $BFFF are 
accessed. An extended instruction takes three bytes of code 
as opposed to two for direct. For programs that must operate 
on real time events, this also has the advantage of executing a 
memory access in one less clock cycle. The program 
operating this system limits the serial transmission rate due to 
software overhead. By reducing this overhead, the hardware 
can operate faster. 

Another advantage is position independency. Conditional 
branches of ±32768 bytes can be executed. This covers the 
entire memory address space available to the MC6809. Since 
branches are program counter relative, this makes them in- 
dependent of where the program originates. MC6800 
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MPU 



1 



DRQT 



DMA/ BREO 



(BA-BS) DGRNT 



<AD 



Address 
and Control 



{ 



6809 



zx: 



6844 



Propagation Time 
from Logical - 
Bus Grant Signal 
DMAVMA 10 Chan 9 e 



CS (Input) 



TxRQ 



TxSTB 



TxAKB 
(Output! 



IRQ DEND 



X 



Dead 



DMA 



375 ns Max 
100 ns Typical 



-tpCSD 



7 



Active 



Dead 



/SeeN 
JMotey 



MPU 



Active 



I I 



7 



X 



NOTE: Propagation delay could equal 20 to 30 ns 



Figure 7. Three-Stale Steal DMA Timing 
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3 A 
BS 




<7 



► System 



RESET 



CLR 
D 



'/4 74LS74 
>CP 



30 



DMAVMA 



Figure 8. DMAVMA Generation Circuit 



branches being ± 128 bytes must be used to branch to jump 
statements for moves of greater than 128 bytes. A long 
branch to subroutine instruction also enables ±32K bran- 
ches which are also program counter relative. When a pro- 
gram is completely position independent, the code can be 
placed anywhere in the memory space and work. MC6800 
programs cannot be made position independent unless they 



are written in the first 256 memory locations. Therefore, the 
MC6809 offers the convenience of position-independent 
ROMs. 

SYSTEM SCHEMATIC 

Figure 12 is the schematic for the intelligent terminal. 
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Q Start J 



Store IRQ 
Vector 



s 

Stack 


* 

'omter 






Reset 
ADLC 
$C0-CR1 
Tx, Rx Reset 



Set Up DMA Controller 
01 -ICR Ch. Interrupt 
01-PCR Enable Ch. 
$4000- ADRO 
S5000-ADR1 
$200-BCR0 
06-CHCRO 
Transmit (Memory Read) 
TSC/ Steal 
Increment Address 
04-CHCR1 
Receive (Memory Write) 
TSC/ Steal 
Increment Address 



Switch to 
CR 3, 4 

SC1-CR1 
Address 
Control 



S1F-CR4 II) 
Flag Flag 
Tx Word Length = 8 
Rx Word Length = 8 
No Tx Abort 
No Abort Extend 
NRZ 



S10-CR3 II) 
No LCF 
No ECF 
No Address Extend 

11 Idle 
Enable Flag Detect 
No Loop Mode 



Switch to CR2 
SC0-CR1 II) 
Address Control 



05-CR2 II) 
Enable Priority Status 
1 Byte 
Flag Idle 
Select TDRA 
No Tx Last Data 
No Clear Rx Status 
No Clear Tx Status 
No Request to Send 



JSR XMIT 



Sub $C0- 


-CR1 II) 


OR 06- 


-CR1 


Enable RIE 


Enable TIE 


No Rx Reset 


No Tx 


Reset 



Go To 
Executive 



Figure 9. Flowchart of DMA-ADLC Program (Sheet 1 ol 9) 
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XMIT 




$4200- X 








Comp 
Bit 0, T 


ement 
XFRAM 



Put Station Address 
in 1st Byte of 
Tx Buffer 



Does NS 



Increment 
NS 



Yes 



7? / 








Reset 
NS 


] No 







Store New Control 
Byte in 2nd Byte 
of Tx Buffer 



OR S10-CR1 
Enable Tx DMA 



RTS 



Figure 9. Flowchart of DMA-ADLC Program (Sheet 1 of 9) 
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HIRQ2 

1 

OR S10-CR2 
Tx Last Data 



SUB S10-CR1 
Disable Tx DMA 



I 

SUB 01-PCR 
Disable Channel 



High 



ITXFRAM, Bit = 01 
Next 



$4000- X 



S4200-X 








Comp 
Bit 0. T 


ement 
<FRAM 



SUB 01-PCR 
Enable Channel 



JS 

x^ 


R 

IIT 






RTI 



Figure 9. Flowchart of DMA-AOLC Program (Sheet 4 of 9) 
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X 

Read 
RX FIFO 






Figure 9. Flowchart of DMA-ADLC Program (Sheet 6 of 9) 
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RIDLE 



Idle 
Detected 
Routine 



OR 01 -Status 
Inactive Idle 
was Detected 



Abort 
Routine 



OR 02- Status 
Abort was 
Detected 



OVRUN 



Overrun 
Routine 



OR $10- Status 
Receiver Overrun 
Occurred 



DCDERR 




FCS 
Error 
Routine 



OR 04- Status 
FCS Error 
Occurred 



OR I20-CR2 
Clear Receive 
Status 



RTS 



Figure 9. Flowchart of DMA-ADLC Program (Sheet 7 of 9) 
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TxUNDR 



Tx 
Underrun 
Routine 



OR $40- Status 
Set Tx Underrun 



Clear to Send 
Error Routine 



CTSERR 
* 


OR $20- Status 
Set CTS Lost 










OR S40-CR2 
Set Clear Tx Status 














RTI 





Figure 9. Flowchart of DMA-ADLC program (Sheet 9 of 9) 
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00002 * MAY 19,1981 

00003 OPT 0,NOG,.LLE = 82 

00005 * THIS PROGRAM IS TO DEMONSTRATE THE MC6854 ADLC 

00006 * AS USED WITH THE MC6844 DMA CONTROLLER AND 

00007 * THE MC6809 MPU CHIP DESIGNED FOR DMA AND 

00008 * DYNAMIC MEMORY REFRESH. 



00010 


BF40 


A 


ADRG0H 


EQU 


00011 


BF41 


A 


ADRG0L 


EQU 


00012 


BF4 2 


A 


BCRG0H 


EQU 


00013 


BF4 3 


A 


BCRG L 


EQU 


00014 


BF4 4 


A 


ADRG1H 


EQU 


00015 


BF4 5 


A 


ADRG1L 


EQU 


00016 


BF4 6 


A 


BCRG 1 H 


EQU 


00017 


BF47 


A 


BCRG 1 L 


EQU 


00018 


BF50 


A 


CNTRL0 


EQU 


00019 


BF51 


A 


CNTRL1 


EQU 


00020 


BF54 


A 


DMAPCR 


EQU 


00021 


BF55 


A 


DMAICR 


EQU 


00022 


BF56 


A 


DMADCR 


EQU 


00024 


BF00 


A 


STATS 1 


EQU 


00025 


BF01 


A 


STATS2 


EQU 


00026 


BF02 


A 


RXFIFO 


EQU 


00027 


BF00 


A 


ADLCR1 


EQU 


00028 


BF01 


A 


ADLCR2 


EQU 


00029 


BF01 


A 


ADLCR3 


EQU 


00030 


BF03 


A 


ADLCR4 


EQU 


00031 


BF02 


A 


TXFIFO 


EQU 



$BF4C! DMA ADD REG P HIGH ADD 

$BF41 DMA REG LOW ADD 

$BF4 2 DMA BYTE COUNT REG HI ADD 

SBF4 3 DMA BYTE COUNT REG LO ADD 

SBF44 DMA SDD REG 1 HIGH ADD 

SBF4 5 DMA ADD REG 1 LOW ADD 

SBF4^ DMA BYTE COUNT REG 1 HI ADD 

SBF47 DMA BYTE COUNT REG 1 LO ADD 

SBF50 DMA CHAN CONTROL REG 

$BF51 DMA CHAN 1 CONTROL REG 

SBF54 DMA PRIORITY CONTROL REG 

$BF55 DMA IRO CONTROL REG 

$BF56 DMA DATA CHAIN CONTROL REG 



$BFP0 ADLC STATUS #1 ADD 

$BF01 ADLC STATUS #2 ADDRESS REG. 

$BF02 ADLC RXFIFO ADDRESS 

SBF00 ADLC CONTROL REG #1 ADD 

SBF01 ADLC CONTOL REG #2 ADD 

$BF01 ADLC CONTROL REG #3 ADD 

SBF03 ADLC CONTROL REG #4 ADD 

SBF02 ADLC TXFIFO ADD 



00033A 


BF10 








ORG 


$BF10 




00034A 


BF10 


00 


A 


STATUS 


FCB 


$00 


SOFTWARE CONDITION REGISTER 


00035A 


BF11 


00 


A 


TXFRAM 


FCB 


$00 


TRANSMIT SOFTWARE STATUS REG 


00036A 


BF12 


00 


A 


RXFRAM 


FCB 


$00 


RECEIVE SOFTWARE STATUS REG 


00037A 


BF13 


4000 


A 


TXBUF1 


FDB 


$4000 


STARTING ADD OF 1ST TX BUFFER 


00038A 


BF15 


4200 


A 


TXBUF2 


FDB 


$4200 


STARTING ADD OF 2ND TX BUFFER 


00039A 


BF17 


5000 


A 


RXBUF1 


FDB 


$5000 


START ADD OF 1ST RECV BUFF 


BP040A 


BF19 


5200 


A 


RXBUF2 


FDB 


$5200 


START ADD OF 2ND RECV BUFF 


00041A 


BF1B 


AA 


A 


ADRES1 


FCB 


$ AA 


STATION ADDRESS 


00042A 


BF1C 


m 


A 


ADRES2 


FCB 


$00 


NULL ADDRESS 


00043A 


BF1D 


FF 


A 


ADRES3 


FCB 


SFF 


GLOBAL ADDRESS 


00044A 


BF1E 


00 


A 


CONTRL 


FCB 


$00 


RECEIVED CONTROL WORD STORAGE 


00045A 


BF1F 


00 


A 


RFMCNT 


FCB 


$00 




00046A 


BF2B 


00 


A 


TFMCNT 


FCB 


$00 




00047A 


BF21 


55 


A 


OUTADD 


FCB 


$55 




00048A 


BF22 


00 


A 


OUTCTL 


FCB 


$00 




00049A 


BF23 


00 


A 


DMA0 IM 


FCB 


$00 


DMA CHAN CONTROL REG IMAGE 


00050A 


BF24 


00 


A 


DMA1IM 


FCB 


$00 


DMA CHAN 1 CONTROL REG IMAGE 


00051A 


BF25 


00 


A 


CR1IMG 


FCB 


$01! 


ADLC CONTROL REG 1 IMAGE 


00052A 


BF26 


00 


A 


CR2IMG 


FCB 


$00 


ADLC CONTROL REG 2 IMAGE 


00053A 


BF27 


00 


A 


CR3IWG 


FCB 


S00 


ADLC CONTROL REG 3 IMAGE 


00054A 


BF28 


00 


A 


CR4I«C 


FCB 


$00 


ADLC CONTROL REG 4 IMAGE 



Figure 10. Priority Mode Program Listing (Sheet 1 of 11) 
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PAGE 002 DMAADLC .SA:1 DMAADL 

00055A BF29 00 A f.RlIMG FCB $00 APLC STATUE 1 I WAG R LOC 

00O56A BF2A 00 A SR2IMC FCH §G(5 APLC STATUS 2 I M AC E LOC 

000S7A BF2B 00 A I.JCKTL FCB ?0:) 



Figure 10. Priority Mode Program Listing (Sheet 2 of 11) 
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PAGE 003 DMAADLC .SA:1 DMAADL 



00059A 


A000 








ORG 


$A000 




00060 






00BF 


A 


SETDP 


SBF 




00061A 


A000 


86 


BF 


A 


LDA 


#SBF 




00062A 


A002 


IF 


8B 


A 


TFR 


A, DP 




00063A 


A004 


BE 


A066 


A 


START LDX 


HRDINT 




00064A 


A007 


BF 


FFF8 


A 


STX 


$FFF8 




00065A 


A00A 


10CE 


1FFF 


A 


IN IT LDS 


#$1FFF 


SET UP STACK 


00066A 


A00E 


1A 


10 




SEI 




SET IRQ MASK 


00067A 


A010 


86 


01 


A 


LDAA 


#$01 


SET UP DMA IRQ CON REG 


00068A 


A012 


97 


55 


A 


STAA 


DMAICR 




00069A 


A014 


97 


54 


A 


STAA 


DMAPCR 




00070A 


A016 


9E 


13 


A 


LDX 


TXBUF1 


SET UP XMIT ADD CTR IN DMA 


00071A 


A018 


9F 


40 


A 


STX 


ADRG0H 




00072A 


A01A 


9E 


17 


A 


LDX 


RXBUF1 


SET UP RECV ADD CTR IN DMA 


00073A 


A01C 


9F 


44 


A 


STX 


ADRG1H 




00074A 


A01E 


8E 


0200 


A 


LDX 


#$200 


SET UP CHAN BCR (XMIT) 


00075A 


A021 


9F 


42 


A 


STX 


BCRG0H 


WITH 1028 COUNT 


00076A 


A023 


86 


05 


A 


LDAA 


i$8S 


SET UP CHAN CONT REG (XMIT) 


00077A 


A025 


97 


50 


A 


STAA 


CNTRL0 




00078A 


A027 


86 


04 


A 


LDAA 


#$04 


SET UP CHAN 1 CONT REG (RECV) 


00079A 


A029 


97 


51 


A 


STAA 


CNTRL1 




00080A 


A02B 


86 


CI 


A 


LDAA 


#$C1 


ACCESS CR4 


00081A 


A02D 


97 


00 


A 


STAA 


ADLCR1 




00082A 


A02F 


C6 


IF 


A 


LDAB 


#$1F 


SET UP CONTROL REG 4 IN ADLC 


00083A 


A031 


D7 


03 


A 


STAB 


ADLCR4 


8 BIT WLS, NRZ, FLAG-FLAG 


00084A 


A033 


D7 


28 


A 


STAB 


CR4IMG 




00085A 


A035 


C6 


10 


A 


LDAB 


#$10 


SET UP CONT REG 3 IN ADLC 


00086 










♦ENABLE FLAG 


DETECT IN 


RECV 


00087A 


A037 


D7 


01 


A 


STAB 


ADLCR3 




00088A 


A039 


D7 


27 


A 


STAB 


CR3IMG 




00089A 


A03B 


86 


C0 


A 


LDAA 


#$C0 


ACCESS CR2 


00090A 


A03D 


97 


00 


A 


STAA 


ADLCR1 




00091A 


A03F 


97 


25 


A 


STAA 


CR1IMG 




00092A 


A0 41 


C6 


05 


A 


LDAB 


#$05 


SET UP ADLC CONT REG 2 


00093 










♦PRIORITY LOGIC ENABLE 


, 1 BYTE XFER, FLAG IDLE 


00094A 


A043 


D7 


01 


A 


STAB 


ADLCR2 




00095A 


A045 


D7 


26 


A 


STAB 


CR2IMG 


SAVE IN IMAGE 


00096A 


A047 


17 


014C 


A196 


LBSR 


XMIT 


ENABLES DMA MODE OF OPERATION 


00097A 


A04A 


96 


25 


A 


LDAA 


CR1IMG 




00098A 


A04C 


80 


C0 


A 


SUBA 


#$C0 


TURN ON XMIT SECTION IN ADLC 


00099A 


A04E 


8A 


06 


A 


ORAA 


#$06 


ENA IRQ XMIT AND RECV. 


00100A 


A050 


97 


25 


A 


STAA 


CR1IMG 




00101A 


A052 


97 


00 


A 


STAA 


ADLCR1 




00102A 


A054 


1C 


EF 




CLI 






00103A 


A056 


20 


00 


A058 


BRA 


WAIT 





Figure 10. Priority Mode Program Listing (Sheet 3 of 11) 
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PAGE 004 DMAADLC .SA:1 DMAADL 



00105 
00106 
00107 



♦WAIT IS A LOOP THAT WOULD BE THE NORMAL OPERATIOAL 
♦PROGRAM CONTROLLING THE MPU AND OTHER FUNCTIONS 
*OF THE SYSTEM 



00110A A058 12 WAIT NOP 

00111A A059 12 ' NOP 

00112A A05A 96 10 A LDAA STATUS 

00113A A05C 2E 04 A062 BGT SOFT 

00114A A05E 12 NOP 

00115A A05F 12 NOP 

00116A A060 20 F6 A058 BRA WAIT 

00118 *SOFT WOULD BE AN AREA WHERE PROBLEMS THAT 

00119 *HAVE OCCURRED SUCH AS A LOSS OF CARRIER (DCD) 

00120 *A RECEIVED ABORT, TX UNDERRUN, OR A -LOSS OF CTS 

00121 *WOULD BE HANDLED IN SETTING UP SPECIAL FRAME 

00122 * (SEQUENCED FORMAT) TO INDICATE WHAT IS REQUIRED. 



00124A A062 0F 10 A SOFT CLR STATUS 

00125A A064 20 F2 A058 BRA WAIT 



Figure 10. Priority Mode Program Listing (Sheet 4 of 11) 
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PAGE 005 DMAADLC .SA:1 DMAADL 










0127 










*INTERUPTS 








00129 






• 




* HARDWARE INTERUPT IS 


THE AREA OF THE PROGRAM 




00130 










•THAT 


SERVICES 


THE ADLC AND THE DMA ONCE TRANSFERS 




00131 










*HAVE 


BEEN STARTED. IF 


A SYSTEM WOULD NOT USE IRQ 




00132 










*0R NMI A POLLING ROUTINE WOULD BE NECESSARY 




00133 










*T0 SERVE THIS: 


FUNCTION. 




00136A 


A066 


96 


50 


A 


HRDINT 


LDAA 


CNTRL0 


IS IT FROM DMA 




00137A 


A068 


2B 


05 


A06F 




BMI 


HIRQ2 


YES-BRANCH 




00138A 


A06A 


96 


00 


A 




LDAA 


STATS1 


IS IRQ FROM ADLC 




00139A 


A06C 


2B 


04 


A072 




BMI 


HIROl 


YES— BRANCH 




00140A 


A06E 


3B 








RTI 




NOtRETURN FROM IRQ 




00142 










*IF OTHER PERIPHERI ALS 


WERE ENABLED FOR IRQ 




00143 










*THEY 


IN TURN 


WOULD BE 


POLLED FOR IRQ 




00145A 


A06F 


16 


00AF 


A121 


HIRQ2 


LBRA 


HIRQ02 






a on 4 f. a 


A072 


97 


29 


A 


HIRQ1 


STAA 


SRI IMG 


SAVE ADLC STATUS 




00147A 


A0 74 


8A 


10 


A 




ORAA 


#$10 


KEEP IRQ MASKED 




CI (31 1 4 P & 
10 10 1 1 OA 






R a 
oft 






TAP 




ACC A TO CCR 




00149A 


A07 8 


25 


68 


A0 E 2 




BCS 


RDATA 


BRANCH IF RXFIFO NEEDS SERVICE 


01 5 A 


A07A 


29 


74 


A0F0 




BVS 


RSTAT2 


BRANCH IF STATUS REG 2 NEEDS 


SER 


00 1 5 1 A 


A07C 


2B 


22 


A0 A0 




BMI 


RFLAG 


BRANCH IF RXFLAG DETECTED 




W W ± D *C M 


A0 7 E 


Q £ 




A 


HIRQ1A 


LDAA 


SR1IMG 


RELOAD STATUS #1 CONTENTS TO 


ACC 


pi a l c o a 

OBI Jjft 


A 0! R n 










ROLA 






1 5 4 A 


A08 1 


2B 


07 


A0 8 A 




BMI 


TXLOAD 


TRANSMIT DATA REG AVAIL 




00155A 


A083 


49 








ROLA 








00156A 


A084 


2B 


05 


A08B 




BMI 


TXUNDR 


TRANSMITTER UNDERFLOW 




00157A 


A086 


49 








ROLA 








00158A 


A087 


2B 


0A 


A093 




BMI 


CTSERR 


CLEAR TO SEND LOST 




00159A 


A089 


3B 








RTI 








00.160A 


A0 8A 


3F 






TXLOAD 


SWI 




MEVER SUPPOSED TO BE HERE 




00161A 


A08B 


96 


10 


A 


TXUNDR 


LDAA 


STATUS 


SET BIT OF TX UNDERRIJN 




00162 










*IN STATUS 








00163A 


A08D 


8A 


40 


A 




ORAA 


#$4(1 






00164A 


A08F 


97 


10 


A 




STAA 


STATUS 






00165A 


A091 


20 


06 


A099 




BRA 


CLRTXS 






00166A 


A093 


96 


1 


A 


CTSERR 


LDAA 


STATUS 






01 67 A 


A095 


8 A 


20 


A 




ORAA 


#$20 






01 6R A 


A097 


9 7 


1 


A 




STAA 


STATUS 






01 69A 


A0 99 


96 


26 


A 


CLRTXS 


LDAA 


CR2IMG 






00170A 


A09B 


8A 


40 


A 




ORAA 


#$40 






00171A 


A09D 


97 


01 


A 




STAA 


ADLCR2 






00172A 


A09F 


3B 








RTI 








00173A 


A0AB 


96 


12 


A 


RFLAG 


LDAA 


RXFRAM 


TEST IF IN RX FRAilE 




00174A 


A0A2 


?A 


31 


A0D5 




BPL 


RFLAG 1 


NO— BRANCH —1ST FLAG 




00175A 


A0A4 


17 


00AR 


A14F 




LPSR 


RDMAOF 


TURN OFF RECV DMA OPERATION 




00175A 


A0A7 


BS 


26 


A 




LDAB 


CM 2 IMG 


CLEAR THE RX STATUS 




0R177A 


A0A9 


CA 


2(1 


A 




OR AB 


»$?0 






O0178A 


A0AE 


D7 


01 


A 




STAB 


ADLCR2 






00179A 


A0AD 


12 








NOP 




GIVE IT TIME TO DO IT 





Figure 10. Priority Mode Program Listing (Sheet 5 of 11) 
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PAGE 6 


06 DMAADLC .SA:1 DMAADL 








018 0A 


A0AE 


96 


01 


A 




LDAA 


STATS2 


YES-CHECK IF FRAME VALID 


00181A 


A0B0 


97 


2A 


A 




STAA 


SR2 IMG 


SAVE IN IMAGE 


01 8 2A 


A0B2 


8A 


10 


A 




OR AA 


#$10 




0183A 


A0B4 


IF 


8A 






TAP 






00184A 


A0B6 


28 


42 


A0FA 




BVC 


RSTAT3 


BRANCH IF NOT VALID 


00185A 


A0B8 


D6 


IE 


A 




LDAB 


CONTRL 


INC CONTROL NR COUNT 


00186A 


ABBA 


C4 


E0 


A 




ANDB 


JSE0 


CLEAR IF 7 AND INC TO 1 


00187A 


A0BC 


CI 


E0 


A 




CMPB 


#$E0 


IS IT 7 YET 


00188A 


A0BE 


27 


0F 


A0CF 




BEQ 


RFLAC3 


NO— BRANCH 


01 89A 


A0C0 


D6 


IE 


A 




LDAB 


CONTRL 


YES-CLEAR NR COUNT TO ZERO 


00190A 


A0C2 


C0 


E0 


A 




SUBB 


#$E0 




00191A 


A0C4 


CB 


20 


A 


RFLAG4 


ADDB 


#$20 


INC NR COUNT 


00192A 


A0C6 


D7 


IE 


A 




STAB 


CONTRL 




00193A 


A0C8 


17 


0181 


A24C 




LBSR 


GETLST 




00194A 


A0CB 


17 


00A7 


A175 




LBSR 


RXEND 


GO PREPARE FOR NEXT FRAME 


00195A 


A0CE 


3B 






R FLAG 9 


RTI 






00196A 


A0CF 


D6 


IE 


A 


RFLAG3 


LDAB 


CONTRL 




01 97A 


A0D1 


C0 


E0 


A 




SUBB 


♦ $E0 




t) D J. 17 O r\ 


A0D3 


20 


EF 


A0C4 




BRA 


RFLAG4 




0200A 


% 

A0D5 


96 


12 


A 


RFLAG1 


LDAA 


RXFRAM 


CHECK IF 1ST FLG BIT SET 


020 1A 


A0D7 


8A 


08 


A 




ORAA 


#$08 




0020 2A 


A0D9 


97 


12 


A 




STAA 


RXFRAM 




020 3A 


A0DB 


96 


26 


A 




LDAA 


CR2 IMG 




0204A 


A0DD 


8A 


20 


A 




ORAA 


#$20 


CLEAR RX STATUS 


2 5A 


A0DF 


97 


01 


A 




STAA 


ADLCR2 




020 6 A 


A0E1 


3B 








RTI 






. 00207A 


A0E2 


D6 


02 


A 


RDATA 


LDAB 


RXFIFO 


GO GET AVAILABLE DATA 


i' l Z u O n 


A0E4 


96 


12 


A 




LDAA 


RXFRAM 




00209A 


A0E6 


D7 


2B 


A 




STAB 


INCRTL 


SAVE CONTROL BYTE 


2 1 A 


A0E8 


8A 


84 


A 




ORAA 


#$84 


DECLARE IN FRAME STATUS 


00211A 


A0EA 


97 


12 


A 




STAA 


RXFRAM 






A0EC 


17 


00E6 


A1D5 




LBSR 


RDMAON 


TURN ON RECV DMA MODE 


00213A 


A0EF 


3B 






RDATA9 


RTI 






00215 










*READS 


STATUS 


REG 2 OF 


ADLC AND CHECKS FOR ERRORS 


0216 










*0R IF 


RECEIVED FRAME 


WAS VALID. 


002 1 8A 


A0F0 


96 


01 


A 


RSTAT2 


LDAA 


STATS2 


GETS STATUS 2 FROM ADLC 


0021 9A 


A0F2 


97 


2A 


A 




STAA 


SR2IMG 




2 2 A 


A0F4 


8A 


10 


A 




ORAA 


#$10 




2 2 1A 


A0F6 


IF 


8A 






TAP 






00222A 


A0F8 


25 


10 


A10A 




BCS 


ADDCK 


BRANCH IF ADDRESS PRESENT 


2 9 1 A 


A0FA 


27 


11 


A10D 


RSTAT3 


BEQ 


RIDLE 


BRANCH IF IDLE DETECTED 


00224A 


A0FC 


2B 


13 


Alll 




BMI 


ABORT 


BRANCH IF ABORT DETECTED 


00225A 


A0FE 


96 


2A 


A 




LDAA 


SR2IMG 




00226A 


A100 


49 








ROLA 






00227A 


A101 


2B 


1A 


A3 ID 




BMI 


OVKUM 


RECEIVER OVERRUN ERROR 


00228A 


A103 


49 








ROLA 






00229A 


A104 


2B 


13 


A119 




BMI 


DCDFRR 


DATA CARRIER LOST 


0023RA 


A106 


49 








ROLA 






O0231A 


A107 


2B 


0C 


All 5' 




BMI 


FCSERR 


FRAME CHECK SEQUENCE ERROR 


00232A 


A109 


3B 








RTI 






00233A 


A10A 


3D 


23 


A12F 


ADDCK 


BSR 


CK ADD 


SEE IF THIS IS OUR ADDRESS 


00234A 


A1PC 


3B 








RTI 
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00235A 


A10D 


17 


0103 


A213 


RIDLE LBSR 


IDLE 


INDICATE THAT AN INACTIVE 


00236 










♦IDLE WAS DETECTED 




00237A 


A110 


3B 






RTI 






00239A 


Alll 


17 


0110 


A224 


ABORT LBSR " 


RABORT 


INDICATE AN ABORT WAS RECEIVED 


00240A 


A114 


3B 






RTI 






00241A 


A115 


17 


0116 


A22E 


FCSERR LBSR 


CRCERR 


INDICATE FCS ERROR OCCURED 


00242A 


A118 


3B 






RTI 






00243A 


A119 


17 


011C 


A238 


DCDERR LBSR 


DCDLST 


DATA CARRIER DETECT FROM 


00244 










♦MODEM WAS LOST 




00245A 


A11C 


3B 






RTI 






00246A 


A11D 


17 


0122 


A242 


OVRUN LBSR 


OVRUN1 


SET BIT TO INDICATE OVERRUN 


00247A 


A120 


3B 






RTI 






00249 










♦DMA SERVICE 


INTERUPT 




00251A 


A121 


96 


26 


A 


HIRQ02 LDAA 


CR2IMG 


SET LAST DATA BIT IN CR2 


00252A 


A123 


8A 


10 


A 


ORAA 


#$10 


(AUTO RESET) 


00253A 


A125 


97 


01 


A 


STAA 


ADLC R 2 




00254A 


A127 


8D 


39 


A162 


BSR 


TDMAOF 


TURN OFF DMA MODE 


00255A 


A129 


17 


00C1 


Al ED 


LBSR 


TDMAON 


LOAD DMA ADDRESS REG AND BCR 


00256A 


A12C 


8D 


68 


A196 


BSR 


XMIT 




00257A 


A12E 


3B 






RTI 






00258 










* 






00259 










* 






00260 










* 






00261 










* 






00262 










* 






00263 










* 






00264 










* 






00265 










* 






00266 










* 






00267 










♦THIS ROUTINE UNLOADS 


THE ADDRESS FROM THE ADLC 


00268 










♦RXFIFO AND 


COMPARES 


IT THE STATION ADDRESSES. 


00269 










♦IF CORRECT 


IT SETS THE ADD. RECV. BIT IN THE 


00270 










♦RXFRAME. IF 


NOT THIS 


STATIONS' ADDRESS, CLEAR SYNC IS 


00271 










♦AND THE RECEIVER BEGINS LOOKING FOR THE FLAG CONDITON 


00272 










♦AGAIN TO SYNC ON. 




00274A 


A12F 


34 


04 




CKAnD PSHB 






00275A 


A131 


D6 


02 


A 


LDAB 


RXFIFO 


GET ADD BYTE 


00276A 


A133 


Dl 


1R 


A 


CMPB 


ADRES1 


COMPARE RECV DATA TO POSSIRLE 


00277A 


A135 


27 


0F 


A14 6 


BEO 


CKADD2 


STATION ADDRESSES 


00278A 


A137 


Dl 


1C 


A 


CMPB 


ADRLS2 




00279A 


A139 


27 


0R 


A145 


BEO 


CKADD2 


YES— BRANCH 


01 9 B CI a 


/\1 JO 


n 1 

U 1 


1 n 

J. u 


A 


CMPB 


ADRES3 




00281A 


A13D 


27 


07 


A146 


BEO 


CKADD2 


YES— BRANCH 


00282 










♦ NO ADDRESS 


MATCH THEN CLEAR RECEIVE SYNC 


00283A 


A13F 


D6 


25 


A 


LPAB 


CR1IMG 




00284A 


A141 


CA 


20 


A 


ORAB 


*S2fi 


CLEAR SYNC IN ADLC 


00285A 


A143 


D7 


00 


A 


STAR 


ADLCR1 


DO IT 


00286A 


A14 5 


39 






RTS 






00287A 


A14S 


D6 


12 


A 


CKADD2 LDAB 


RXFRAM 




00288A 


A148 


CA 


C2 


A 


ORAB 


*$02 
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DMAADL 








00289A 


Al 4A 


D7 


1 2 






STAB 


RXFRAM 


SET ADD BIT IN RXFRAM 


00290A 


A14C 


35 


04 




CKADD9 


PULB 






00291A 


Al 4E 


39 








RTS 






00293 










*THIS 


SUBROUTINE TURNS 


OFF DMA CHAN 1 ENABLE AND 


00294 










*ADLC 


RECEIVE 


MODE OF 


/-\ t-, nn A rp tali 

OPERATION . 


n n -t n c » 
00295A 


A14F 


34 


02 




RDMAOF 


PSHA 






n n "~t r\ /~ n 

0296A 


Al 51 


96 


25 


A 




LDAA 


CR1IMG 


GET IMAGE OF CR1 


00297A 


A153 


80 


08 


A 




SUBA 


#$08 


DISABLE RX DMA MODE IN ADLC 


00298A 


A155 


97 


25 


A 




STAA 


CR1IMG 




00299A 


Al 57 


97 


00 


A 




STAA 


ADLCR1 




00300A 


Al 59 


96 


54 


A 




LDAA 


DMAPCR 


FETCH DMA PCR DATA 


00301A 


Al 5B 


80 


02 


A 




SUBA 


#$02 


RESET CHAN 1 ENABLE BIT 


00302A 


Al 5D 


97 


54 






STAA 


DMAPCR 




00303A 




J D 


01*3 






PULA 






00304A 




jy 








RTS 






00306 










*TURNS 


OFF TX 


DMA MODE 


IN ADLC AND DMA CHAN #0 


00307 










*IS DISABLED 






00308A 


A162 


34 


02 




TDMAOF 


PSMA 






00309A 


Al 64 


96 


25 






LDAA 


CR1IMG 




00310A 


Alfifi 


80 


10 


A 




SUBA 


#$10 


RESET TXDMA BIT IN CR1 


00311A 


Al 68 




Z D 


A 




STAA 


CR1IMG 




00312A 


Al 6 A 


97 









STAA 


ADLCR1 


DO IT 


00313A 


Hint, 






A 




LDAA 


DMAPCR 


GET PCR CONTENTS 


00314A 


A16E 


80 


01 


A 




SUBA 


#$01 


RESET CHAN #0 ENABLE BIT 


00315A 


Al 7 


97 


54 






STAA 


DMAPCR 


DO IT 


00315A 


A17 2 


35 


02 






PULA 






00317A 


Al 74 


39 








RTS 






00319 










*THIS 


ROUTINE 


LOADS THE ALTERNATE RXBUFFER ADDRESS 


00320 










*IMT0 


THE DMA 


, CLEARS 


THE IN FRAME BIT, AND SETS 


00321 










*THE POINTER 


TO THE NEXT RXBUFFER AREA TO BE LOADED 


00322 










* INTO 


THE DMA 




00324A 


ft! TC 


J1 


02 




RXEND 


PSHA 






00325A 


Al / / 


yo 


12 


A 




LDAA 


RXFRAM 




00326A 


Al 7 9 


8 5 


80 


A 




BITA 


#$80 


TEST IF IN FRAME 


00327A 


Al 7B 


27 


is ai 


33 




BEQ 


RXEND9 


NO^-BRANCH-LEAVE ROUTINE 


00328A 


Al 7D 


80 


86 


A 




SUBA 


#$86 


YES— CLEAR IN FRAME BIT & ADD & CO 


00329A 


A17F 


8 5 


01 


A 




BITA 


#$01 


TEST HI OR LO ADDRESS NEXT 


00330A 


Al 81 


27 


08 A1RB 




BEQ 


RXEND1 


BRANCH TO LOAD LOW ADD 


00331A 


A18 3 


80 


01 


A 




SUBA 


#$01 


RESET ADD START BIT IN RXFRAM 


00332A 


A185 


9E 


17 


A 




LDX 


RXBUF1 


LOAD HIGH ADDRESS 


00333A 


A187 


9F 


44 


A 




STX 


ADRG1H 




00334A 


A1B9 


20 


06 A191 




BRA 


RXEMD2 




00335A 


A18B 


8B 


01 


A 


RXEND1 


ADDA 


#$01 




00336A 


A18D 


9E 


19 


A 




LDX 


RXBUF2 


LOAD LOW ADDRESS 


00337A 


A18F 


9F 


44 


A 




STX 


ADRG1H 




0033RA 


A191 


97 


12 


A 


RXEND2 


. STAA 


RXFRAM 




00339A 


A193 


35 


02 




RXEND 9 


PULA . 






C0340A 


A195 


39 








RTS 
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0034 2 










♦SUBROUTINE 


TO LOAD THE TXFIFO WITH THE ADDRESS 


3 4 3 










*AND CONTROL 


WORDS, AND TO ENABLE THE ADLC IN 


034 4 










*THE TX DMA 


MODE OF OPERATION. (XMIT SECTION OF THE 


tO V J H O 










*ADLC IS ONCE THE INITIAL SEQUENCE HAS BEEN PERFORMED.) 


03 4 7 A 


Al 96 


34 


02 




XMIT PSHA 






Pi 3 4 ft A 

VJ v J 4 O C\ 


Al 98 


34 


04 




PSHB 






034 9A 


Al 9A 


D6 


11 


ft 


LDAB 


TXFRAM 


DETERMINE WHICH TXBUF TO USE 


till J Jun 


Al 9C 


C5 


01 


ft 


BITB 


#$01 


IS IT #1 


BHJ Jin 


Al 9E 


27 


06 


ft l ft 


BEQ 


XMIT2 


YES— r-BRANCH 


03 5 2A 


Al A0 


9E 


1 5 


ft 


LDX 


TXBUF2 


NO— r-rlT'S #2 


035 3^ 


Al A2 


C0 


01 


ft 


SUBB 


#$01 


CHANGE FOR NEXT TIME 


0354A 


Al A 4 


20 


04 


Al AA 


BRA 


XMIT3 




035 5A 


Al A6 


9E 


1 3 


ft 


XMIT2 LDX 


TXBUF1 




a Q-l C.C. ft 


Al A8 


CA 


01 


ft 


ORAB 


#$01 


CHANGE FOR NEXT TIME 


0357A 


Al AA 


D7 


11 


ft 


XMIT3 STAB 


TXFRAM 




00358A 


Al AC 


96 


IB 


ft 


LDAA 


ADRES1 


ADDRESS BYTE SET UP 


00359A 


Al AE 


A7 


84 


ft 


STAA 


0,X 




036 0A 


A1B0 


30 


01 




INX 






O Kl J U 1 n 


Al B 2 


96 


IE 


A 


LDAA 


CONTRL 


CONTROL WORD SET UP 


CI 7fi ? A 

t» i; J 1 1 n 


Al B4 


84 


0E 


ft 


AN DA 


#$0E 


TEST IF 7 FRAMES SENT 


0036 3A 


Al B6 


81 


0E 


A 


CMPA 


#$0E 




036 4A 


Al B8 


27 


15 


A1CF 


BEQ 


XMTCLR 


YES-BRANCH 


00365A 


A1BA 


96 


IE 


ft 


LDAA 


CONTRL 


NO-^CONTINUE 


Hi) JODn 


Al BC 


8B 


02 


A 


XMIT1 ADDA 


#$02 


INCREMENT THE NS COUNT 


lo H J D /A 


Al B E 


a"7 
A / 


OH 


A 


STAA 


0,X 


LOAD IT OUT 


cBJOOfl 


Alt, 10 


y / 


J. t. 


A 


STAA 


CONTRL 


SAVE THE NEW CONTROL WORD 


00369A 


A1C2 


96 


25 


A 


LDAA 


CR1IMG 




m n i n o, a 


Al C 4 


8A 


1 


A 


ORAA 


#$10 


ENABLE DMA MODE OF OPERATION 


00371A 


A1C6 


97 


00 


A 


STAA 


ADLCR1 


DO IT 


UBJ / ,£A 


AIL n 


y / 




A 


STAA 


CR1IMC 




00373A 


A1CA 


35 


04 




PULB 






03 7 4A 


AlCC 


35 


02 




PULA 






00375A 


A1CE 


39 






RTS 






tl Ij J / On 


Al C F 


9 6 


1 F 




XMTCLR LDAA 


CONTRL 




0377 A. 


Al Dl 


8 


E 




SUBA 


#$0E 


CLR NS FRAME COUNT 


00378A 


A103 


20 


E7 


A1BC 


BRA 


XMIT1 




00380 










♦ROUTINE TO 


TURN RECEIVER OPERATIONS OVER TO 


00381 










*TIIK DMA CONTROLLR. 




0038 3A 


Al D5 


34 


02 




RDMAON PSHA 






G* 01 1 R fl a 

WB Jo f( A 


a l m 
A J. J J / 




FFFF 


A 


LDX 


}$FFFF 


SET BYTE COUNT REG TO A SIZE 


o m q c: a 

U II j 3 DA 


Al HA 


9F 




A 


STX 


RCRG1H 


LARGER THAN THE EXPECTED FRAME 


00387 


- 








*THE ADDRESS REGISTER 


IS ALREADY SET BUT ITS SET UP 


00388 










*COULD BE LOCATED HERE 


ALSO. (IN RXEND SUBROUTINE) 


00390A 


A10C 


96 


54 


A 


LDAA 


DMAPCR 


TURN ON DMA CHAN 1 (RECV) 


H0391A 


AIDE 


8A 


02 


A 


ORAA 


#$02 




00392A 


A1E0 


97 


54 


A 


STAA 


DMAPCR 




00393A 


A1E2 


96 


25 


A 


LDAA 


CR1IMG 


TURN ON ADLC TO DMA MODE 


00394A 


A1F4 


RA 


08 


A 


OPAA 


#$08 


OF OPERATION 
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PAGE 010 DMAADLC .SA 


: 1 DMAADL 


' 




00395A 


A1E6 


97 


25 


A 


STAA 


CR1IMG 




00396A 


A1E8 


97 


00 


A 


STAA 


ADLCR1 


DO TI 


00397A 


A1EA 


35 


02 




PULA 






00398A 


A1EC 


39 






RTS 






00400 










•SUBROUTINE 


TO LOAD THF 


ALTERNATE TX BUFFER 


00401 










♦ADDRESS INTO THE ADDRESS REG OF THE DMA CHAN 


00403A 


Al ED 


34 


02 




TDMAON PSHA 






00404A 


A1EF 


96 


11 


A 


LDAA 


TXFRAM 


GET TX FRAME STATUS 


00405A 


A1F1 


85 


01 


A 


BITA 


#$01 


TEST WHICH BUFFER TO USE 


00406A 


A1F3 


26 


08 


Al FD 


BNE 


TDMON1 


BRANCH NOT SET 


00407A 


A1F5 


8A 


01 


A 


ORAA 


#$01 




00408A 


A1F7 


9E 


15 


A 


LDX 


TXBUF2 


SELECT TX BUFFER #2 


00409A 


A1F9 


9F 


40 


A 


STX 


ADRG0H 


SET UP ADD REG IN DMA 


00410A 


A1FB 


20 


06 


A20 3 


BRA 


TDMON2 




04 1 1A 


A1FD 


80 


01 


A 


TDMON1 SUBA 


#$01 




00412A 


A1FF 


9E 


13 


A 


LDX 


TXBUF1 


SELECT TX BUFFER #1 


00413A 


A201 


9F 


40 


A 


STX 


ADRG0H 


SET UP ADD REG IN DMA 


00414A 


A203 


97 


11 


> A 


TDMON2 STAA 


TXFRAM 




00415A 


A205 


8E 


04 


A 


LDX 


#$0400 


SET UP BCR IN DMA 


00416A 


A208 


9F 


42 


A 


STX 


BCRG0H 


DO IT 


00417A 


A20A 


96 


54 


A 


- . LDAA 


DMAPCR 


ENABLE CHAN IN DMA 


00418A 


A20C 


8A 


01 


A 


ORAA 


#$01 




041 9A 


A20E 


97 


54 


A 


STAA 


DMAPCR 




fl C!4 2 0A 


A? 1 


3 5 


02 




PULA 






00421A 


A212 


39 






RTS 






0423 










♦SUBROUTINE 


TO SET THE 


INACTIVE IDLE BIT IN THE 


0424 










♦STATUS SOFTWARE REGISTER 


0042SA 


A213 


34 


02 




IDLE PSHA 






00427A 


A215 


96 


10 


A 


LDAA 


STATUS 




0042SA 


A217 


8A 


01 


A 


ORAA 


#$01 


SET INACTIVE IDLE BIT 


00429A 


A219 


97 


10 


A 


STAA 


STATUS 




04 30A 


A21B 


96 


26 


A 


CLEAR LDAA 


CR2IMG 


CLEAR RECEIVER STATUS 


00431A 


A21D 


8A 


20 


A 


ORAA 


#S20 




00432A 


A2 IF 


97 


01 


A 


STAA 


ADLCR2 




04 3 3 A 


A2 21 


35 


02 




PULA 






04 3 4 A 


A2 23 


39 






RTS 






004 36 










♦SUBROUTINE 


TO SET THE 


ABORT BIT IN THE STATUS 


00437 










♦SOFTWARE REGISTER 




00439A 


A224 


34 


■02 




RABORT PSHA 






044 0A 


A226 


96 


10 


A 


LDAA 


STATUS 


SF.T ABORT BIT 


00441A 


A228 


8A 


02 


A 


ORAA 


#$02 




00442A 


A2 2A 


97 


10 


A 


STAA 


STATUS 




00443A 


A2 2C 


20 


ED 


A21B 


BRA 


CLEAR 




00444 










♦SUBROUTINE 


TO SET THE 


FCS ERROR BIT IN THE 


00445 










♦STATUS SOf] 


'WARE REGISTER 
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00447A 


A2 2E 


34 


02 




CRCERR PSHA 




00448A 


A230 


96 


10 


A 


LDAA 


STATUS SET FCS ERROR BIT 


00449A 


A2 3 2 


8 A 


04 


A 


ORAA 


#$04 


00450A 


A234 


9 7 


10 




STAA 


STATUS 


00451A 


A2 36 


20 


E3 


A21B 


BRA 


CLEAR 


00453 










♦SUBROUTINE 


TO SET THE DCD ERROR BIT IN THE 


00454 










♦STATUS SOFTWARE REGISTER 


00456A 


A2 38 


J 'I 


02 




DCDLST PSHA 




00457A 


A23A 


9 6 


10 


A 


LDAA 


STATUS 


00458A 


A2 3C 


O H 


Of R 


A 


ORAA 


#$P8 


00459A 


A2 3E 


97 


10 


A 


STAA 


STATUS 


00460A 


a "7 A Oi 


z n 


no 


a o i n 


BRA 


CLEAR 


00462 










♦SUBROUTINE 


TO SET RECEIVE OVERRUN BIT IN STATUS 


00463 










♦SOFTWARE REGISTER AND CLEAR THE RECEIVER STATUS 


00465A 


A242 


34 


02 




0VRUN1 PSHA 




00466A 


A2 4 4 








LDAA 


STATUS SET RX OVERRUN BIT IN STATUS 


00467A 


A246 


8A 


10 


A 


ORAA 


#$10 


00468A 


A A 
AZ *i O 




1 w 




STAA 


STATUS 


00469A 


A2 4 A 




CF 


Az X b 


BRA 


CLEAR 

< 


00471 










♦ THIS SUBROUTINE TAKES THE LAST BYTE OF DATA 


00472 










♦ OUT OF THE RECEIVE FIFO AT THE END OF EACH 


00473 










♦ FRAME. 




00475A 


A2 4C 


3 1 


4 




GETLST PSHB 




00476A 


A24 E 


34 


02 




PSHA 




00477A 


A2 50 


9 6 


26 


A 


LDAA 


CR2IMG CLEAR RECEIVE STATUS 


00478A 


A O c: •) 

Az d z 




20 


A 


ORAA 


#$20 TO ENABLE RDA 


00479A 


A2 54 


97 


01 


A 


STAA 


ADLCR2 TO BE READ 


00480A 


A2 56 


1 2 






NOP 


GIVE IT TIME TO DO IT 


00481A 


A2 57 


a c 





A 


GTLST2 LDAA 


STATS1 CHECK FOR DATA 


00482A 


AZ 


Q C 

a _> 


01 1 
<D 1 


A 


BITA 


#$01 


00483A 


A2 5B 


z ' 


(HQ 


AZ O D 


BEQ 


GTLST9 NO DATA — i-BRA.NCH 


00484A 


A2 5D 


D6 


02 


A 


LDAB 


RXFIFO GFT THE DATA BYTE 


00485A 


A25F 


9E 


44 


A 


LDX 


ADRG1H GET NEXT ADD OF RX BUFFER 


00486A 


A261 


E7 


84 


A 


STAB 


0,X 


00487A 


A2 6 3 


30 


01 




INX 




00488A 


A265 


35 


02 




GTLST9 PULA 




00489A 


A267 


35 


04 




PULB 




00490A 


A269 


39 






RTS 




00491 










EMD 




TOTAL 


ERRORS 


0G 


000-^ 


3O0S10 






TOTAL WARNINGS 


00000 


■>-^0000B 
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NOPRI 








08001 










NAM 


NOPRI 




00002 








* MAY 


19, 1981 




00003 










OPT 


0,MOG,LLE=8 2 


001905 








*NON PRIORITY 


MODE OF 


OPERATION WITH DMA AND ADLC 


00006 




i 




* 








00008 








* THIS 


PROGRAM 


IS TO 


DEMONSTRATE THE MC5854 ADLC 


00009 








* AS USED WITH 


THE MCI5844 DMA CONTROLLER AND 


00010 








* THE 


*1C6809 MPU CHIP 


DESIGNED FOR DMA AND 


00011 








* DYNAMIC MEMORY REFRESH. 


00013 




BF4 




ADRGOH 


EQU 


$BF40 


DMA ADD REG HIGH ADD 


00014 




BF4 1 


A 


ADRG L 


F.QU 


SBF41 


DMA REG LOW ADD 


00015 




BF4 2 


fa 


BCRG0H 


EQU 


$BF4 2 


DMA BYTE COUNT REG HI ADD 


0015 




BF4 3 


A 


BCRG0L 


EQU 


$BF43 


DMA BYTE COUNT REG LO ADD 


00017 








ADRG 1 H 


EQU 


SBF44 


DMA SDD REG 1 HIGH ADD 


00018 




BF45 


A 


ADRG 1 L 


EQU 


$BF45 


DMA ADD REG 1 LOW ADD 


00019 




BF4 f> 


A 


BCRG1H 


EQU 


SBF4S 


DMA BYTE COUNT REG 1 HI ADD 


00020 




BF4 7 


A 


BCRG1L 


EQU 


$BF47 


DMA BYTE COUNT REG 1 LO ADD 


00021 




BF 5 


A 


CNTRL0 


EQU 


SBF50 


DMA CHAN CONTROL REG 


00022 




BF5 1 


A 


CNTRL1 


EQU 


SBF51 


DMA CHAN 1 CONTROL REG 


00023 




BF5 A 


A 


DMAPCR 


EQU 


SBF54 


D«"A PRIORITY CONTROL REG 


00024 




BF55 


A 


DMAICR 


EQU 


SBF55 


DMA IRQ CONTROL REG 


00025 




BF5fi 


A 


DM ADC R 


EQU 


SBF56 


DMA DATA CHAIN CONTROL REG 


00027 




BF00 


A 


STATS1 


EQU 


$BF00 


ADLC STATUS Jl ADD 


00028 




BFPI1 


A 


STATS 2 


EQU 


$RF01 


ADLC STATUS #2 ADDRESS REG. 


00029 




BF0 2 


A 


RXFIFO 


EQU 


SBF02 


ADLC RXFIFO ADDRESS 


00030 




BF00 


A 


ADLCR 1 


EQU 


$BF00 


ADLC CONTROL REG #1 ADD 


00031 




BF0 1 


A 


ADLCR2 


EQU 


SBF01 


ADLC CONTOL REG #2 ADD 


00032 




P PPI T 
nr 13 -L 


* 


ADLCR 3 


EQU 


$BF01 


ADLC CONTROL REG #3 ADD 


00033 




BF0 3 


A 


ADLCR 4 


EQU 


SRF03 


ADLC CONTROL REG J4 ADD 


00034 




BF0 2 


A 


TXFIFO 


EQU 


SBF02 


ADLC TXFIFO ADD 


00035 A 


op 1 n 








ORG 


SBF10 




00038A 


BF1 


00 


A 


STATUS 


FCB 


$0f> 


SOFTWARE CONDITION REGISTER 


00039A 


BF1 1 


00 


A 


TXFRAM 


FCB 


$00 


TRANSMIT SOFTWARE STATUS REG 


00040A 


BF1 2 


00 


A 


RXFRAM 


FCB 


$00 


RECEIVE SOFTWARE STATUS REG 


00041A 


BF1 3 


400 


A 


TXBUF1 


FOB 


$41^00 


STARTING ADD OF 1ST TX BUFFER 


00042A 


BF1 5 


4 200 


A 


TXBUF2 


FOB 


$4200 


STARTING ADD OF 2ND TX BUFFER 


00043A 


BF17 


5000 


A 


RXBUF1 


FDP 


$5000 


START ADD OF 1ST RECV BUFF 


00044A 


BF19 


52T0 


A 


RXP1IF2 


FDB 


$5200 


START ADD OF 2ND RECV BUFF 


00045A 


BF1B 


AA 


A 


ADRESl 


FCB 


$AA 


STATION ADDRESS 


00046A 


BF1C 


00 


A 


ADRES7 


FCB 


$00 


NULL ADDRESS 


00047A 


BF1D 


FF 


A 


ADRES3 


FCB 


$FF 


GLOBAL ADDRESS 


0004SA 


BFin 


0(1- 


A 


CON'T^L 


FCB 


$0 


RECEIVED CONTROL WORD STORAGE LO 


00O49A 


BF1F 


00 


A 


RFMCMT 


FCB 


$00 




00050A 


BF2£! 


00 


A 


TF-1CNT 


FCB 


$01) 




00051A 


BF21 


55 


A 


OUTADD 


FCB 


$55 




00052A 


BF22 


00 


A 


OUTCTL 


FCB 


$00 
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00053A 


BF23 


00 


A 


DMAPIM 


FCB 


$00 


DMA CHAN CONTROL 


REG IMAGE 


00054A 


BF24 


00 


A 


DM Al I M 


FCB 


$00 


DMA CHAN 1 CONTROL 


REG IMAGE 


00055A 


BF25 


00 


A 


CR1IMG 


FCB 


$00 


ADLC CONTROL REG 1 


IMAGE 


00056A 


BF2fi 


00 


A 


CR2IMG 


FCB 


$00 


ADLC CONTROL REG 2 


IMAGE 


00057A 


BF27 


00 


A 


CR3IMG 


FCB 


$00 


ADLC CONTROL REG 3 


IMAGE 


00058A 


BF2R 


00 


A 


CR4IMC 


FCB 


$00 


ADLC CONTROL REG 4 


IMAGE 


00059A 


BF29 


00 


A 


SRI IMG 


FCB 


$00 


ADLC STATUS 1 IMAGE 


LOC 


00060A 


BF2A 


00 


A 


SR2IMG 


FCB 


$00 


ADLC STATUS 2 IMAGE 


LOC 


00061A 


BF2B 


00 


A 


INCUTL 


FCB 


$00 






00062A 


BF2C 


00 


A 


SR1IM2 


FCB 


00 


SAFETY STATS1 CHECK 




00063A 


BF2D 


■0000 


A 


SCRTCH 


FDB 


$0000 
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00066A 


A000 










ORG 


SAonfl 




00067 






00BF 


A 




SETDP 


$BF 




0068 A 


A000 


86 


BF 


A 




LDA 


#$BF 




00069A 


A0 2 


IF 


8B 


A 




TFR 


A, DP 




00070A 


A004 


BE 


A0 6 5 


A 


START 


LDX 


HRDINT 




00071A 


A007 


BF 


FFF8 


A 




STX 


$FFF8 




00072A 


A00A 


10CE 


3FFF 


A 


mi 


LOS 


it$3FFF 


SET UP STACK 


00073A 


A00E 


1A 


10 






SEI 




SET IRQ MASK 


00074A 


A010 


86 


01 


A 




LDA A 


•$01 


SET UP DMA IRQ CON REG 


00075A 


A012 


97 


55 


A 




STAA 


DMAICR 




00076A 


A014 


97 


54 


A 




STAA 


DMAPCR 




00077A 


A016 


9E 


13 


A 




LDX 


TXBUF1 


SET UP XMIT ADD CTR IN DMA 


00078A 


A018 


9F 


40 


A 




STX 


ADRG0H 




00079A 


A01A 


9E 


17 


A 




LDX 


RXBUF1 


SET UP RECV ADD CTR IN DMA 


00080A 


A01C 


9F 


44 


A 




STX 


ADRG1H 




00081A 


A01E 


8E 


0200 


A 




LDX 


*$20<1 


SET UP CHAN BCR (XMIT) 


00082A 


A021 


9F 


42 


A 




STX 


BCRG0H 


WITH 1024 COUNT 


00083A 


A023 


86 


05 


A 




LDAA 


?$05 


SET UP CHAW CONT REG (XMIT) 


00084A 


A025 


97 


50 


A 




STAA 


CMTRL0 




00085A 


A027 


86 


04 


A 




LDAA 


#$04 


SET UP CHAN 1 CONT REG (RECV) 


00086A 


A029 


97 


51 


A 




STAA 


CMTRL1 


00087A 


A02B 


8 6 


CI 


A 




LDAA 


#$C1 


ACCESS CR4 


00088A 


A02D 


97 


00 


A 




STAA 


ADLCR1 




00089A 


A02F 


C6 


IF 


A 




LDAB 


S$1F 


SET UP CONTROL REG 4 IN ADLC 


00090A 


A031 


D7 


03 


A 




STAB 


ADLCR4 


8 BIT WLS, NRZ, FLAG— FLAG 


00091A 


A033 


D7 


28 


A 




STAB 


CH4IMG 




00092A 


A035 


5F 








CLRB 




SET UP CONT REG 3 IN ADLC 


00093 










*FLAG 


DETECT 


MOT ENABLED 


00094A 


A0 36 


D7 


01 


A 




STAB 


ADLCR3 




00095A 


A038 


D7 


27 


A 




STAB 


CR3IMC 




00096A 


A03A 


86 


C0 


A 




LDAA 


KSC0 


ACCESS CR2 


00097A 


A03C 


97 


00 


A 




STAA 


ADLCR1 




00098A 


A03E 


97 


25 


A 




STAA 


CR1 IMG 




00099A 


A0 4 


C6 


04 


A 




LDAB 


!t$P4 


SET UP ADLC CONT REG 2 


00100 










* 1 BYTE TRANSFER, FLAG 


IDLE 


00101A 


A042 


D7 


01 


A 




STAB 


ADLCR2 




00102A 


A044 


D7 


26 


A 




STAB 


CR2IMG 


SAVE IN IMAGE 


00103A 


A046 


17 


0190 


A1D9 




LBSR 


XMIT 


ENABLES DMA MODE OF OPERATION 


00104A 


A049 


96 


25 


A 




LDAA 


CR1 IMC 




00105A 


A04B 


80 


C0 


A 




SUBA 


iisc0 


TURN ON XMIT SECTION IN ADLC 


00106A 


A04D 


8A 


06 


A 




ORAA 


#S0fi 


EN A IRO XMIT AND RECV. 


00107A 


A04F 


97 


25 


A 




STAA 


CR1IMC 




00108A 


A051 


97 


00 


ft 




STAA 


ADLCH1 




00109A 


AP53 


1C 


EF 






CLI 






0B110A 


A055 


20 


00 


A057 




BRA 


'•'AIT 
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00112 *WAIT IS A LOOP THAT WOULD BE THE NORMAL OPERATI OAL 

00113 *PROGRAM CONTROLLING THE MPU AND OTHER FUNCTIONS 

00114 *OF THE SYSTEM 



00117A A057 12 WAIT NOP 

00118A A058 12 NOP 

001 19A A059 96 10 A LDAA STATUS 

00120A A05B 2E 04 A061 BGT SOFT 

00121A A05D 12 NOP 

00122A A05E 12 NOP 

00123A A05F 20 F6 A057 BRA WAIT 

00125 *SOFT WOULD BE AN AREA WHERE PROBLEMS THAT 

00126 *HAVE OCCURRED SUCH AS A LOSS OF CARRIER (DCD) 

00127 *A RECEIVED ABORT, TX UNDERRUN, OR A LOSS OF CTS 

00128 *WOULD BE HANDLED IN SETTING UP SPECIAL FRAME 

00129 * (SEQUENCED FORMAT) TO INDICATE WHAT IS REQUIRED . 

00131A A061 0F 10 A SOFT CLR STATUS 

00132A A063 20 F2 A057 BRA WAIT 
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00134 










♦INTERUPTS 






00136 










♦HARDWARE INTEHUPT IS THE AREA OF THE PROGRAM 


00137 










*TIIAT 


SERVICES 


THE ADLC 


AND THE DMA ONCE TRANSFERS 


00138 










♦HAVE 


SEEN STARTED. IF 


A SYSTEM WOULD NOT USE IRQ 


00139 










*0R NMI A POLLING ROUTINE WOULD BE NECESSARY 


00140 










*T0 SERVE THIS 


FUNCTION. POLLING HOWEVER WOULD 


00141 










♦GREATLY RESTRICT THE MPU DURING TRANSFERS. 


00142 


















0014 5A 


A065 


96 


50 


A 


HRDINT 


LDAA 


CNTRL0 


IS IT FROM DMA 


00146A 


A067 


2B 


05 


A06E 




BMI 


HIR02 


YES— BRANCH 


001 47A 


A069 


96 


00 


A 




LDAA 


STATS1 


IS IRQ FROM ADLC 


001 48A 


A06B 


2B 


06 


A07 3 




BMI 


HIROl 


YES-BRANCH 


001 49A 


A0 6D 


3B 








RTI 


1 


NO— RETURN FROM IRQ 


00151 










1 

♦IF OTHER PERIPHE RIALS 


WERE ENABLED FOR IRQ 


015 2 










♦THEY 


IN TURN 


WOULD BE 


POLLED FOR IRQ 


1 5 4 A 


A0 6E 


1 6 




Al 4 E 


HIRQ2 


LBRA 


HIRQ02 




1 5 5 A 


A07 1 


97 


2C 


A 




STAA 


SR1IM2 


SAVE FOR SAFETY BEFORE CLR 


001 56A 


A07 3 


97 


29 


A 


HIROl 


STAA 


SR1IMG 


SAVE ADLC STATUS 


1 5 7 A 


A07 5 


96 


29 


A 


HIRQ1A 


LDAA 


SR1IMG 


RELOAD STATUS It 1 CONTENTS TO ACC 


aril c o » 

W \Q 1 D O A 


A0 7 7 


49 








ROLA 






01 Pi 1 Q O a 


A0 7 8 


A Q 








ROLA 






a pi i ^ pi a 

tl VJ ± it tJ t\ 


A0 7 9 


2B 


pip 


All O A 




BMI 


TXUNDR 


TRANSMITTER UNDERFLOW 




rtlfl / D 










ROLA 








A0 7C 


28 


1 3 


A0 Q *) 




BMI 


CTSERR 


CLEAR TO SEND LOST 


01 6 1 A 


A0 7 E 


96 


29 


A 


HIRQ3 


LDAA 


SRI IMG 




00164A 


A0 8 


8A 


10 


A 




ORAA 


itSlO 


KEEP IRQ MASKED 


00165A 


A082 


IF 


8A 






TAP 




ACC A TO CCR 


001G6A 


A084 


29 


IE 


A0A4 




BVS 


RSTAT2 


BRANCH IF SR2 NEEDS SERVICE 


00167A 


A086 


16 


1 CD 


A255 




LBRA 


CLEAR 




00168A 


A089 


3F 






TXLOAD 


SWI 




NTEVER SUPPOSED TO BE HERE 


001S9A 


A08A 


9 6 


10 


A 


TXUNDR 


LDAA 


STATUS 


nbl nil u r IX U N D r. K K U N 


00170 










♦IN STATUS 






0017 1A 


A08C 


8A 


4 


A 




ORAA 






017 2A 


At* S E 


*97 


1 






STAA 


STATUS 




00173A 


AP90 


96 


29 


A 




LDAA 


SR1IMG 




n pi 1 1 a a 


A0 9 2 


80 


?0 






SURA 


J$20 




00175A 


A094 


20 


DD 


A073 




BRA 


HIROl 








9o 


1 


A 


CTSKRR 


LDAA 


STATUS 




00177A 


AO 98 


8A 


20 


A 




ORAA 


«$2P 




00178A 


A09A 


97 


1* 


A 




STAA 


STATUS 




00179A 


A09C 


96 


26 


A 


CLRTXS 


LDAA 


CR2IMC 




0180A 


A09E 


8 A 


40 


A 




ORAA 


SS4H 




00181A 


A0A0 


97 


01 


A 




STAA 


ADLCH7 




00192A 


A0A? 


20 


PA 


A07E 




BRA 


'1IR0 3 




00184 










♦READS 


STATUS 


UEG 2 OF 


ADLC AMP, CRBOKS FOR ERRORS 


018 5 










♦OR IF 


liECEIVr 


D FRAl-iE ' 


AS ^ALI P . 
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00187A 


A0A4 


96 


01 


A 


RSTAT2 


LDAA 


&TA 1 b*d 


OfcTS bTA Tub Z rHurl AJJLL 


00188A 


A0A6 


97 


2A 


A 


RSTA2R 


era a 


CD7T Mr* 




00189A 


A0A8 


81 


00 


A 




CMP A 


? ■? K » 




00190A 


A0AA 


27 


17 


A0C3 




BEQ 


Kb iAIn 




00191A 


A0AC 


8A 


10 


A 




ORAA 






00192A 


A0AE 


IF 


8A 






TAP 






00193A 


A0B0 


25 


IB 


A0CD 




BCS 


ADDCK 


anidiru tp innoucc od 0"C put 


00194A 


A0B2 


29 


2B 


A0DF 






r MP! V Lj 


dd a wr*t-i tp dfpu ffD&wr u&i ?n 
r5Kftivi_ n J. r KtL v p nHnt vml. i u 


00195A 


A0B4 


27 


4E 


A104 


RSTAT3 


BEQ 


d t nr p 
Hi U L fc, 


DD&Mru tp Tnr p nPTPPTrn 


00196A 


A0B6 


2B 


58 


A110 




BMI 


ABOHT 


BRANCH IF ABORT DETECTED 


00197A 


A0B8 


96 


2A 


A 


RSTA3R 


LDAA 


SRZ IMG 




00198A 


A0BA 


49 








ROLA 






00199A 


A0BB 


2B 


0E 


AflCB 




BMI 


OVRUN 


RECfc IVER OVERRUN ERROR 


00200A 


A0BD 


49 








ROLA 






00201A 


A0BE 


2B 


6E 


A12E 




BMI 


JA,U£>KK 


DA 1 A LAKK1 t*K LUo 1 


00202A 


A0C0 


49 








ROLA 






00203A 


A0C1 


2B 


5B 


A11E 




BMI 


CfC PDD 


r KAnt L H tCK b£yu tNUt. CKHUK 


00204A 


A0C3 


96 


29 


A 


RSTA4R 


LDAA 


b K 1 1 




00205A 


A0C5 


80 


02 


A 




SUBA 


W •? £ 




00206A 


A0C7 


97 


29 


A 




STAA 


QUI T MT 




00207A 


A0C9 


20 


B3 


A07E 




BRA 


H I RQ 3 




00208A 


A0CB 


20 


72 


A13F 


OVRUN 


BRA 


OVRN 




00209A 


A0CD 


17 


0142 


A212 


ADDCK 


LBSR 


KDWAUN 


IUKI"I UW K 111 t. V Un ft WU LJ L 


00210A 


A0D0 


17 


0089 


A15C 




LBSR 


CKADD 


Crr TP TUTC TC All D jnUDFCC 
bLL, J.r 1 nib lb UUK ALJUKt-bb 


00211A 


A0D3 


96 


29 


A 




LDAA 


CDl T 

bKll ML) 




0212A 


A0D5 


80 


til 


A 




SURA 


IT ? W 1 


K 1 ' A 1 N b 1 ( 1 


00213A 


A0D7 


97 


29 


A 




STAA 


SHI IMG 




00214A 


A0D9 


96 


2A 


A 




LDAA 


SR2 IMG 




00215A 


A0DB 


80 


81 


A 




SURA 


#$81 


RDA AND ADD 


00216A 


AODD 


20 


C7 


APA^ 




BRA 


RSTA2R 




00217A 


APDF 


17 






Fn rf v* l 




n Om A P 


TURN OFF RECV DMA MODE 


00218A 


ABE 2 


D6 


IE 


A 




LDAB 


CONTRL 


INC CONTROL NR COUNT 


00 219A 


A0 E4 


C4 


E0 


A 




AMDB 


#$E0 


CLEAR IF ? AND INC TO 1 


00220A 


A0E6 


CI 


E0 


A 




CMPB 


#$E0 


IS IT 7 YET 


00221A 


A0E3 


27 


14 


A0FE 




BEQ 


FMVAL2 


NO— RRANCM 


B0222A 


A0EA 


D6 


IE 


A 




LDAB 


CONTRL 


YES-CLEAR NR COUNT TO ZfiRO 


00223A 


A0EC 


C0 


E0 


A 




SUBB 


#$Efl 




00224A 


A0EE 


CB 


20 


A 


FMVAL1 


ADDB 


#$20 


INC NR COUNT 


00225A 


A0F0 


D7 


IE 


A 




STAB 


CONTRL 




00226A 


A0F2 


17 


00BE 


A1B3 




LBSR 


RXEND 


GO PREPARE FOR NEXT FRAME 


00227A 


A0F5 


96 


2A 


A 




LDAA 


SR2IMG 




00228A 


A0F7 


17 


0118 


A212 




LBSR 


RDMAON 




00229A 


A0FA 


80 


02 


A 




SUBA 


#$02 




00230A 


A0FC 


20 


A8 


A0A6 




BRA 


RSTA2R 




00231A 


A0FE 


D6 


IE 


A 


FMVAL2 


LDAB 


CONTRL 




00232A 


A100 


C0 


E0 


A 




SUBB 


#$E0 




00233A 


A102 


20 


EA 


A0EE 




BRA 


FMVAL1 




00234A 


Al 04 


17 


0144 


A24B 


RIDLE 


LBSR 


IDLE 


INDICATE THAT AN INACTIVE 


00235 










*IDLE WAS DETECTED 




00236A 


A107 


17 


0192 


A29C 




LBSR 


OUTFRM 




00237A 


A10A 


96 


2A 


A 




LDAA 


SR2IMG 




00238A 


A10C 


80 


04 


A 




SUBA 


#$04 




00239A 


A10E 


20 


96 


AH A 6 




BRA 


RSTA2R 




0241A 


A110 


17 


015D 


A270 


ABORT 


LBSR 


RABORT 


INDICATE AN ABORT WAS RECEIVED 


00242A 


All 3 


17 


0186 


A29C 




LBSR 


OUTFRM 




00243A 


Allfi 


96 


2A 


A 




LDAA 


SR2IMG 
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00244A 


A118 


80 


08 


A 




SUBA 


#$08 






00245A 


All A 


97 


2A 


A 




STAA 


SR2IMG 






00246A 


A11C 


20 


9A 


A0B8 




BRA 


RSTA3R 






00247A 


A11E 


8D 


6D 


A18D 


FCSERR 


BSR 


RDMAOF 


TURN OFF DMA 


RECV MODE 


00248A 


A120 


17 


0158 


A27B 




LBSR 


CRCERR 


INDICATE FCS 


ERROR OCCURED 


00249A 


A123 


17 


0176 


A29C 




LBSR 


OUTFRM 






00250A 


A126 


96 


2A 


A 




LDAA 


SR2IMG 






00251A 


A128 


80 


10 


A 




SUBA 


#$10 






00252A 


A12A 


97 


2A 


A 




STAA 


SH2IMG 






00253A 


A12C 


20 


95 


A0C3 




BRA 


RSTA4R 






00254A 


A12E 


8D 


5D 


A18D 


DCDERR 


BSR 


RDMAOF 


TURN OFF DMA 


RECV MODE 


00255A 


A130 


17 


0153 


A286 




LBSR 


DCDLST 


DATA CARRIER 


DETECT FROM 


00256 










*MODEM 


WAS 


-OST 






00257A 


A133 


17 


0166 


A29C 




LBSR 


OUTFRM 






00258A 


A136 


96 


2A 


A 




LDAA 


SR2IMC 






00259A 


A138 


80 


20 


A 




SUBA 


#$20 






00260A 


A13A 


97 


2A 


A 




STAA 


SR2IMG 






002S1A 


A13C 


16 


FF79 


AC1B8 




LBRA 


RSTA3R 






00252A 


A13F 


17 


014F 


A291 


OVRN 


LBSR 


OVRUN1 


SET BIT TO INDICATE OVERRUN 


00263A 


A142 


17 


0157 


A29C 




LBSR 


OUTFRM 






00264A 


A145 


96 


2A 


A 




LDAA 


SR2IMG 






00265A 


A147 


80 


40 


A 




SUBA 


#$40 






00266A 


A14 9 


97 


2A 


A 




STAA 


RR2IMG 






00267A 


A14B 


16 


FF6A 


A0B8 




LBRA 


RSTA3R 
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269 










*DMA SERVICE 


INTERUPT 




2 7 1 A 


A14E 


96 


26 


A 


HIRQ02 


LDAA 


CR 2 1 MG 


ct'T r a ct naTa att tm r*r?7 


27 2A 


A150 


8A 


10 


A 




OR AA 


if $10 


( AUTU Rr.bfc i ) 


27 3 A 


A152 


97 


01 


A 




ST AA 


AD LCR 2 




C! fl 9 7 a a 


A154 


3D 


4A 


A1A0 




BSR 


TT1M SAP 




a a 7 7 ^ a 


A156 


17 


D3CC 


A225 




LBSR 




LUA1J U^A AL'IJKll.or> KLIj AND Dl_K 


27 6 A 


Al 59 


8D 


7E 


A1D9 




BSR 


XMIT 




02 7 7A 


A15B 


3B 








RTI 






278 


















02 79 










* 








union 
O 










* 








281 










* 








028 2 










* 








0283 


















028 4 










* 








028 5 










* 








00286 










* 








0287 










♦THIS 


ROUTINE FETCHES 


THE ADDRESS FROM MEM BUFF 


00288 










* AND 


COMPARES IT THE 


STATION ADDRESSES. 


00289 










*IF CORRECT 


IT SETS THE ADD. RECV. BIT IN THE 


itt n rj 

00^90 










*RXFRAM. IF 


NOT THIS 


STATIONS RECV. CLP SYNC 


0291 










*IS SET AND 


THE RECV 


BEGINS LOOKING FOR THE 


/J fi! 1 n 1 










*FLAC 


CONDITON AGAIN 


TO SYNC ON. 


A n 7 Q ^ a 


A15C 


34 


04 




CK ADD 


PSHB 






W 15 y D A 


A15E 


D6 


1 2 


A 




LDAB 


RXFRAM 


FIND OUT BUFFER ADDRESS 


0! 7 Q a 


A160 


C5 


01 


A 




BITS 


»S01 




fit GIT Q 7 A 

w w *; y / a 


A162 


27 


04 


A168 




BEO 


BUFCK1 




fl CT 7 Q Q & 

w w y ts a 


A164 


9E 


19 


A 




LDX 


RXB1IF2 


LOAD HIGH ADD BUFF 


CI 01 7 Q q a 


A166 


20 


02 


A16A 




BRA 


BUFCK2 




i7 jti o fx n j\ 
W M J W U A 


Al (S3 


9E 


17 


A 


BUFCK1 


LDX 


RXBUF1 




oi fii 7 l a 


Al 6 A 


E6 


84 


A 


BUFCK2 


LDAB 


0,X 


GET ADDRESS BYTE FROM BUFFER 


B B J W i A 


Al 6C 


Dl 


1 B 


A 




CMPB 


ADRES1 


COMPARE RECV DATA TO POSSIBLE 


030 JA 


AIRE 


27 


1 


Al 8 




BEO 


CKADD2 


STATION ADDRESSES 


ft n ~) n A r. 


Al 70 


Dl 


1C 






CMPB 


ADRES2 




0305A 


Al 7 2 




0C 


xi ga 

Al ii W 




BEQ 


CKADD2 


YESr-BRANCH 


00306A 






1 u 


A 




CMPB 


ADR C S3 




O0307A 


Al 7 6 


27 


03 


A 1 3 




BEO 


CKADD2 


YES-rBRANCH 


00308 










* NO ADDRESS 


MATCH THEN CLEAR RECEIVE SYNC 


00309A 


Al 7 3 


Do 


2 5 


A 




LDAB 


CHI IMG 




031 0A 


A17A 


CA 


20 


A 




ORAB 


JS20 


CLEAR SYNC IN ADLC 


0031 1A 


Al / ^ 


U i 





A 




STAB 


ADLCR1 


DO IT 


031 2A 


A17E 


20 


0A 


A13A 




BRA 


CKADD9 




00313A 


Al 80 


D6 


1 2 


A 


CKADD2 


LDAB 


RXFRAM 




3 1 4 A 


A1R2 


CA 


02 


A 




ORAB 


#$02 




00315A 


A184 


D7 


12 


A 




STAR 


RXFRAM 


SET ADD BIT IN RXFRAM 




A18S 


E6 


01 


A 




LDAB 


v,x 


GET THE CONTROL RYTE 


(5 3 1 7 A 


A188 


D7 


2B 


A 




STAB 


INCRTL 


SAVE THE CONTROL BYTE 


00313A 


AIR A 


35 


04 




CKADD9 


PULB 






O0319A 


A13C 


39 








RTS 






00321 










*THIS 


SUBROUTINE TURNS OFF DMA CHAN 1 ENABLE AND 


00322 










*ADLC 


RECEIVE MODE OF 


OPERATION . 


00323A 


A1HD 


34 


02 




RDMAOF 


PSHA 
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03 24 A 


AlfiF 


96 


25 


A 




LDAA 


CR1 IMG 


GET IMAGE OF CR1 


ci on 9 ^ A 

r) B J i J r\ 


A191 


83 


08 


A 




SUBA 


#303 


DISABLE RX DMA MODE IN ADLC 


00326A 


A193 


97 


25 


A 




STAA 


CR1IMG 




oi en 9 7 a 


A195 


97 


00 


A 




STAA 


ADLCR1 




00328A 


A197 


95 


54 


A 




LDAA 


DMAPCR 


FETCH DMA PCR DATA 


3 2 9A 


A199 


80 


02 


A 




SUBA 


#$0 2 


RESET CHAN 1 ENABLE PIT 


00330A 


A19B 


97 


54 


A 




STAA 


DMAPCR 




00331A 


A19D 


35 


02 






PULA 






00332A 


A19F 


39 








RTS 






00334 










*TURNS 


OFF TX 


DMA MODE 


IN ADLC AND DMA CHAN #0 


00335 










*IS DISABLED 






00337A 


A1A0 


34 


02 




TDMAOF 


PS HA 






00338A 


A1A2 


96 


25 


A 




LDAA 


CR1 IMC 




00339A 


A1A4 


80 


10 


A 




SUBA 


#$10 


RESET TXDMA BIT IN CR1 


00340A 


A1A6 


97 


25 


A 




STAA 


CR1IMG 




0034 1 A 


A1A8 


97 


00 


A 




STAA 


ADLCR1 


DO IT 


00342A 


A1AA 


96 


54 


A 




LDAA 


DMAPCR 


GET PCR CONTENTS 


34 3 A 

WJ Y) J *J J A\ 


A1AC 


80 


01 


A 




SUBA 


#$01 


RESET CHAN #0 ENABLE BIT 


00344A 


A1AE 


97 


54 


A 




STAA 


DMAPCR 


DO IT 


034 5A 


A1R0 


35 


02 






PULA 






00346A 


A1B2 


39 








RTS 






CI CI "XA 

u vj j ** o 










*THIS 


(OUTINE 


LOADS THE ALTERNATE RXB1JFFER ADDRESS 


ffi ffl T A Q 










♦INTO 


THE DMA 


, CLEARS 


THE IN FRAME BIT, AND SETS 


a a i a 










*THE POINTER 


TO THE NEXT RXRUFFER AREA TO RE LOADED 


03 51 










* INTO 


THE DMA 




00 353A 


A1B3 


34 


02 




RXEND 


PSHA 






00354A 


A1B5 


96 


12 


A 




LDAA 


RXFRAM 




00355A 


A1B7 


85 


80 


A 




RITA 


#$80 


TEST IF IN FRAME 


00356A 


A1B9 


27 


IB 


A1D6 




REQ 


RXEMD9 


NO— BRANCH— LEAVE ROUTINE 


00357A 


A1BB 


80 


86 


A 




SURA 


#$86 


YES— CLEAR IN FRAME HIT & ADD & CO 


3 58 A 


A1BD 


85 


01 


A 




BITA 


#$01 


TEST HI OR LO ADDRESS NEXT 


03 5 9 A 


A1BF 


27 


08 


A1C9 




REQ 


RXEND1 


BRANCH TO LOAD LOW ADD 


03 6 PJA 


A1C1 


80 


01 


A 




SUBA 


#$01 


RESET ADD START BIT IN RXFRAM 


0036 1A 


A1C3 


9E 


17 


A 




LDX 


RXBUF1 


LOAD LOW ADDRESS 


0036 2A 


A1C5 


9F 


44 


A 




STX 


ADRG1H 




036 3A 


A1C7 


20 


06 


A1CF 




BRA 


RXEND? 




03 6 4 A 


A1C9 


8B 


01 


A 


RXEND1 


ADDA 


IS01 




00365A 


A1CB 


9E 


19 


A 




LDX 


RXRUF2 


LOAD HIGH ADDRESS 


CI O 1 ^ £ A 


A1CD 


9F 


44 


A 




STX 


ADRG1H 




00367A 


A1CF 


8E 


FFFF 


A 


RXEND2 


LDX 


JSFFFF 


SET UP BYTE COUNT REG TO MAX 


O IT JO OA 


A1D2 


9F 


46 


A 




STX 


RCRG1H 






A1D4 


97 


12 


A 




STAA 


RXFRAM 




fit ct i 7 ft a 


A1D6 


35 


02 




RXEND9 


PULA 






00371A 


AIDS 


39 








RTS 






00373 










♦SUBROUTINE TO LOAD THE TXFIFO WITH THE ADDRESS 


00374 










* AND CONTROL 


WORDS, AND TO ENABLE THE ADLC IN 


00375 










♦THE TX DMA ilODE OF OPERATION . (XMIT SECTION OF THE . 


00376 










*ADLC 


IS ONCE 


THE INITIAL SEQUENCE HAS BEEN PERFORMED.) 
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03 78A 


Al D9 


~) A 






XM I T 


PSHA 






0379A 


Al DB 


1 A 


a A 

VS'i 






PSIIB 






038 0A 


A1DD 


D6 


11 


A 




LDAB 


TXFRAM 


DETERMINE WHICH TXBUF TO USE 


0038 1A 


A1DF 


C5 


01 


A 




BITB 


#$01 


IS IT #1 


V) W J O £.n 


Al E 1 


i 1 


4 


a 1 17"7 

fll b / 




BEQ 


XMIT2 


•iKS- — BRANCH 


n i o ^ a 


Al E 3 






A 




ldx 


TXBUF2 


NO-r-r-IT'S #2 


j o4A 


Al E 5 


20 


02 


Al E9 




BRA 


XMIT3 


- 


038 5A 


Al r, 1 


9E 


1 3 


A 


XM I T2 


LDX 


TXBUF1 




03 8 5A 


Al E9 


96 


IB 


A 


XM I T 3 


LDAA 


ADRES1 


ADDRESS BYTE SET UP 


0387A 


Al EB 


A7 


84 


A 




STAA 


0,X 




0388 A 


Al ED 


30 


01 






INX 






0389 A 


Al EF 


96 


IE 


A 




LDAA 


CONTRL 


CONTROL WORD SET UP 


n n 1 rt n ji 

630 390A 


Al Fl 


84 


0E 


A 




AN DA 


5S0E 


TEST IF 7 FRAMES SENT 


0039 1A 


A1F3 


81 


0E 


A 




CMPA 


f$0E 




00392A 


A1F5 


27 


15 


A20C 




BEQ 


XMTCLR 


YES-BRANCH 


00393A 


A1F7 


96 


IE 


A 




LDAA 


CONTRL 


NO— CONTINUE 


00394A 


A1F9 


8B 


02 


A 


XMIT1 


ADDA 


#$02 


INCREMENT THE NS COUNT 


00395A 


A1FB 


A7 


84 


A 




STAA 


0,X 


LOAD IT OUT 


00396A 


A1FD 


97 


IE 


A 




STAA 


CONTRL 


SAVE THE NEW CONTROL WORD 


00397A 


Al FF 


96 


25 


A 




LDAA 


CR1IMG 




00398A 


A2 01 


8A 


10 


A 




ORAA 


#$10 


ENABLE DMA MODE OF OPERATION 


00399A 


A203 


97 


00 


A 




STAA 


ADLCR1 


DO IT 


00400A 


A205 


97 


25 


A 




STAA 


CR1IMG 




00401A 


A207 


35 


04 






PULB 






fx n a fx *■> n 

040 2A 


A209 


35 


02 






PULA 






00403A 


A20B 


39 








RTS 






00404A 


A20C 


96 


IE 


A 


XMTCLR 


LDAA 


CONTRL 




0405A 


A20E 


80 


0E 


A 




SUBA 


#$0E 


CLR NS FRAME COUNT 


00406A 


A2 10 


20 


E7 


A1F9 




BRA 


XMIT1 




04 08 










♦ROUTINE TO 


TURN RECEIVER OPERATIONS OVER TO 


00409 










*THE DMA CONTROLLR. 




00411A 


A212 


34 


02 




RDMAON 


PSHA 






00412A 


A214 


96 


54 


A 




LDAA 


DMAPCR 


TURN ON DMA CHAN 1 (RECV) 


00413A 


A216 


8A 


P2 


A 




ORAA 


#$02 




00414A 


A218 


97 


54 


A 




STAA 


DMAPCR 




00415A 


A21A 


96 


25 


A 




LDAA 


CR1IMC. 


TURN ON ADLC TO DMA MODE 


00416A 


A21C 


8A 


08 


A 




ORAA 


#$08 


OF OPERATION 


00417A 


A21E 


97 


25 


A 




STAA 


CR1IMG 




00413A 


A220 


97 


20 


A 




STAA 


ADLCR1 


DO TI 


00419A 


A222 


35 


02 






PULA 






004 20A 


A224 


39 








RTS 






00422 










♦SUBROUTINE 


TO LOAD THE ALTERNATE TX BUFFER 


00423 










♦ADDRESS INTO THE ADDRESS REG OF THE DMA CHAN 


00425A 


A225 


34 


02 




TDMAON 


PSHA 






00426A 


A227 


96 


11 


A 




LDAA 


TXFHA.-1 


GET TX FRAME STATUS 


00427A 


A229 


85 


01 


A 




BITA 


#$01 


TEST WHICH BUFFER TO USE 


00428A 


A22B 


25 


08 


A235 




BNE 


TDMON1 


BRANCH NOT SET 


00429A 


A22D 


8A 


01 


A 




ORAA 


#$01 




00430A 


A22F 


9E 


15 


A 




LDX 


TXHUF2 


SELECT TX BUFFER #2 


00431A 


A231 


9F 


40 


A 




STX 


ADRG0H 


SET UP ADD REG IN DMA 
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00432A 


A233 


20 


06 


A23B 


BRA 


TDMON2 




00433A 


A235 


80 


01 


A 


TDMON1 SUBA 


f §01 




00434A 


A2 37 


9E 


13 


A 


LDX 


TXBUF1 


SELECT TX BUFFER SI 


00435A 


A2 39 


9F 


40 


A 


STX 


ADRG0H 


SET UP ADD REG IN DMA 


00436A 


A23B 


97 


11 


A 


TDMON2 STAA 


TXFRAM 




00437A 


A23D 


8E 


0400 


A 


i.nx' 


#50400 


SET UP BCR IN DMA 


00438A 


A2 40 


9F 


42 


A 


STX 


BCRC01I 


DO IT 


00439A 


A242 


96 


54 


A 


LDAA 


DMAPCR 


ENABLE CHAN 3 IN DMA 


00440A 


A2 4 4 


8A 


01 


A 


ORAA 


#$01 




00441A 


A2 4 6 


97 


54 


A 


STAA 


DMAPCR 




00442A 


A248 


35 


02 




PULA 






00443A 


A24A 


39 






RTS 






00445 










•SUBROUTINE 


TO SET THE 


INACTIVE IDLE BIT IN THE 


00446 










•STATUS SOFTWARE REGISTER 


0S1448A 


A24B 


34 


■02 




IlJLh, PbliA 






00449A 


A24D 


96 


10 


A 


LDAA 


STATUS 




00450A 


A24F 


8A 


01 


A 


ORAA 


#$01 


SET INACTIVE IDLE BIT 


00451A 


A2 51 


97 


10 


A 


STAA 


STATUS 




00452A 


A253 


35 


02 




PULA 






00453A 


A255 


39 






RTS 






00455 










•SUBROUTINE 


TO CLEAR R} 


STATUS 


04 S 7 A 


A2 56 


96 


00 


A 


CLEAR LDAA 


STATS1 


SAFETY CHECK OF STATUS1 


04 SRA 


A2 58 


91 


2C 


A 


CMPA 


SR1IM2 


TO MAKE SURE OF NO NEW STATUS 


004 SQA 

f T -J J 


A2 5 A 


26 


07 


A263 


BNE 


NOTCLR 


NEW STATUS ?-rBRANCH 


CI d PI A 


A2 5C 


96 


26 


A 


LDAA 


CR2IMG 


CLEAR RECEIVER STATUS 


0461 A 

H H U i 


A2 5E 


8A 


20 


A 


ORAA 


#$20 




4 f> 2 A 


A2 60 


97 


01 


A 


STAA 


ADLCR2 




00463A 


A262 


3B 






RTI 






04 fi 4 A 

w i w 4 n 


A2 63 


m 


2C 


A 


N'OTCLR LDAB 


SR1IM2 




004SSA 


A2 6 5 


53 






COMB 




GET THE OLD STATUS 


04 6 6 A 


A266 


D7 


2D 


A 


STAB 


SCRTCH 


AND COMPARE IT TO THE NEW 


00467A 


A268 


94 


2D 


• A 


ANDA 


SCRTCH 


GET RID OF OLD STATUS 


00468A 


A2 6 A 


16 


FE06 


A0 7 3 


LRRA 


HIRQl - 


GO BACK AND SERVICE NEW STATUS 


00469A 


A26D 


15 


FE0 3 


A07 3 


LPRA 


HIRQ1 




00471 










•SUBROUTINE 


TO SET THE 


ABORT BIT IN THE STATUS 


00472 










•SOFTWARE REGISTER 




00474A 


A270 


34 


02 




RABORT PSHA 






00475A 


A272 


96 


10 


A 


LDAA 


STATUS 


SET ABORT BIT 


00476A 


A274 


8A 


2 




ORAA 


}$02 




00477A 


A276 


97 


10 


A 


STAA 


STATUS 




00478A 


A278 


35. 


32 




PULA 






00480A 


A27A 


39 






RTS 






00481 










•SUBROUTINE 


TO SET THE 


FCS ERROR BIT IN THE 


00482 










•STATUS SOFTWARE REGISTER 
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00484A 


A27B 


34 


02 




CRCKRR PSHA 






00485A 


A27D 


9G 


10 


A 


LDftA 


STATUS SET FCS ERROR BIT 




0048SA 


A27F 


8A 


04 


A 


ORAA 


it$04 




00487A 


A281 


97 


10 


A 


STAA 


STATUS 




00488A 


A283 


35 


02 




PULA 






00489A 


A285 


39 






RTS 






00491 










♦SUBROUTINE 


TO SET THE DCD ERROR BIT IN THE 


00492 










♦STATUS SOFTWARE REGISTER 




00494A 


A286 


34 


02 




DCDLST PSHA 






00495A 


A288 


96 


10 


A 


LDAA 


STATUS 




049 6 A 


A2 8 A 


8A 


08 


ft 


ORAA 


#$00 




04 97 A 


A28C 


97 


1 


ft 


STAA 


STATUS 




00498A 


A28E 


35 


02 




PULA 






04 99 A 


A290 


39 






RTS 






00501 










♦SUBROUTINE 


TO SET RECEIVE OVERRUN BIT IN 


STATUS 


00502 










♦SOFTWARE REGISTER AND CLEAR THE RECEIVER 


STATUS 


00504A 


A291 


34 


02 




OVRUN1 PSHA 






00505A 


A293 


96 


10 


A 


LDAA 


STATUS SET RX OVERRUN BIT 


IN STATUS 


00506A 


A295 


8A 


10 


A 


ORAA 


?$10 






A297 


97 


10 


ft 


STAA 


STATUS 




00508A 


A299 


35 


02 




PULA 






00509A 


A29B 


39 






RTS 






00511 










♦ SUBROUTINE TO REMOVE THE ADDRESS, 




00512 










♦ CONTROL, AND IN FRAME BITS FROM THE 




00513 










♦ SOFTWARE HEGISTER RXFRAM. 




00515A 


A29C 


34 


02 




OUTFRM PSHA 






00516A 


A29E 


96 


12 


A 


LDAA 


RXFRAM 




00517A 


A2AP 


85 


80 


A 


BITA 


#$00 CK IF IN FRAME 




00518A 


A2A2 


27 


04 


A2A3 


BEO 


OUTFM9 NO-BRANCH 




00519A 


A2A4 


30 


8 5 


A 


SUBA 


S$36 YES— DECL^RE END OF 


FRAME 


00520A 


A2A6 


97 


12 


A 


STAA 


RXFRAM SAVE IT 




00521A 


A2A8 


35 


02 




OIJTFM9 PULA 






00522A 


A2AA 


39 






RTS 






00523 










E«D 






TOTAL ERRORS 0C 


000 — 


00000 








TOTAL WARNINGS 


00000 


— 00000 
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AN-831 



AN IEEE-488 BUS INTERFACE 
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INTRODUCTION 

This application note provides information about using 
the MC6809 processor to form a Talker/Listener IEEE-488 
System. An overview of a data transfer operation, the 
General Purpose Interface Bus (GPIB), and some direct 
memory access techniques are given for review purposes 
prior to the actual system implementation. 

The Talker/Listener device consists of an MC6809 pro- 
cessor, an MC68488 general purpose interface adapter 
device, and an MC6844 direct memory access controller. 
Hardware and software considerations are discussed. The 
listing of an example program is also given. 

DATA TRANSFER OVERVIEW 

The standard method of transferring data between 
memory and a peripheral device is to have the transfer con- 
trolled by a processor. To perform this transfer, the pro- 
cessor initiates a read instruction which places the data byte 
in the accumulator of the processor followed by a write in- 
struction completing the transfer. The generalized sequence 
needed to transfer a data byte between a peripheral device 
and memory is as follows: 

1. The peripheral device alerts the processor when a data 
byte is to be transferred. The processor recognizes this 
through either an interrupt sequence or a polling pro- 
cedure. 



2. The processor executes a load instruction to read the 
data from the peripheral device and loads it into an ac- 
cumulator, which is used as a temporary holding 
register. 

3. The processor executes a store instruction to write the 
data from the accumulator into the appropriate 
memory location. 

This sequence shows that at least two software instructions 
(load and store) are required for each data transfer and that 
additional software is required to recognize when it is time to 
transfer each data byte. 

In an interrupt driven system, the processor also needs to 
recognize the interrupt request, complete the current instruc- 
tion, stack the appropriate internal registers, and enter an in- 
terrupt handler routine to determine what course of action is 
necessary concerning the interrupt. 

The MC6809 a llow s three different types of i nterru pts, in- 
terrupt request (IRQ), f ast in terrupt request (FIRQ), and 
non-maskable interrupt (NMI). The entire machine state is 
saved for I RQ a nd NMI. This can take up to 20 E clock 
pulses. The FIRQ is a faster responding interrupt in that only 
the contents of the condition code register and the program 
counter are saved. This can take up to 12 E clock pulses. If 
any o ther internal registers need to be saved when using 
FIRQ, they need to be saved via software. 
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An alternate to using interrupts is to use a polling pro- 
cedure to recognize when a data byte is to be transferred. In a 
polling system, the processor monitors the status of the 
peripheral device using a software polling routine. This 
routine normally consists of one or more load instructions, 
each of which is followed by test instructions (e.g., bit test). 
If the processor is dedicated to continually monitoring the 
peripheral device, then a polling procedure provides a faster 
response than the interrupt driven system. Even though the 
polling procedure can handle data at a faster rate than the in- 
terrupt procedure, it still requires a set of software instruc- 
tions to handle each data byte. Since many systems do not re- 
quire extremely high data rates, either of these procedures 
should be more than adequate. 

A direct memory access (DMA) method of operation is re- 
quired when data needs to be transferred at a high rate (ap- 
proximately 10K bytes per second). For example, when a 
peripheral device is receiving data from a high-speed disk 
system. This method of operation does not use processor 
software to perform the transfer; therefore, the maximum 
data rate is only limited by either the processor system clock 
or the peripheral device speed. Within the DMA method of 
operation there are two modes, halt burst and cycle stealing. 
The advantages and disadvantages of these modes will be 
discussed later. To use DMA, a processor with special DMA 
features and a device called a direct memory access controller 
(DMAC) is needed. Some peripheral devices may have DMA 
features included; therefore, a separate DMA device is not 
required. The MC6844 direct memory access controller is a 
device that is designed to perform the data transfer between 
memory and a peripheral in the most efficient manner. It 
does this by automatically performing the necessary 
read/write sequence and sending the data byte directly from 
the peripheral device/memory to memory/peripheral. The 
processor is free to do other things at this time. 

To use the DMA method of operation, the controller must 
first be initialized (direction of data transfer, starting 
memory location, etc.) by the processor. Then, once a 
transfer is requested by the peripheral device, the appropriate 
handshake sequence needs to occur allowing the processor to 
give up control of the system to the DMAC, remove itself 
from the bus, and allow the transfer to take place. Once the 
transfer is complete, the DMAC returns control to the pro- 
cessor and removes itself from the bus. The timing for the 
handshake between the processor and DMAC and the actual 
data transfer must be very precise in order to maximize the 
transfer rate. The MC6809 provides the necessary handshake 
signals and timing to allow DMA operations to occur with 
maximum efficiency. 

GENERAL PURPOSE INTERFACE BUS OVERVIEW 

The purpose of the IEEE-488 Standard is to allow the in- 
terconnection of programmable instruments with a minimum 
amount of engineering. The intent is to remove the need for 
adapters and numerous types of patching cables when dif- 
ferent types of instruments are connected together in a 
system. The IEEE-488 Standard allows system configura- 



tions using programmable instruments, calculators, and 
other types of peripheral devices produced by different 
manufacturers. The IEEE-488 Standard provides a set of 
rules for establishing an unambiguous communications link 
which produces a high degree of compatibility, while main- 
taining flexibility between independently manufactured pro- 
ducts. The standard defines a special bus structure known as 
the general purpose interface bus (GPIB). Any device 
meeting the specifications described in the standard is direct- 
ly compatible with the GPIB without the need for an 
adapter. The GPIB can be thought of as the communications 
link between two or more instruments, as shown in Figure 1. 
The devices on the bus are considered to be either listeners, 
talkers, or controllers. Listeners receive data from talkers or 
controllers; talkers send data to listeners; controllers control 
and synchronize the devices on the bus. 

This communications link is a parallel bus in contrast to 
the serial links commonly associated with most other types of 
data commuications. Bit-parallel, byte-serial format is used 
for communications on the GPIB. Bit-parallel refers to a set 
of concurrent data bits being transmitted simultaneously, 
and the byte-serial refers to consecutive bytes being carried 
over the data link in a serial fashion. The GPIB consists of 16 
transmission lines which are categorized into: 

1. eight data bus lines 

2. three data byte transfer control or handshake lines 

3. five general interface management lines. 

The eight data bus lines are used to transfer data from 
talkers to listeners. They are also used to transfer interface 
messages from a controller (when used) to various devices. 
All transfers are asynchronous and occur according to the 
three-wire handshake. This handshake synchronizes the 
talker readiness to transmit data with the listeners readiness 
to receive data. 

At any point in time, an individual device on the GPIB is 
either idle, monitoring the activity on the bus, a talker send- 
ing data to listeners, a listener receiving data from the talker, 
or a controller controlling the activity of the bus. 

A minimum system may consist of just one talker and one 
listener. For example, a dedicated voltmeter could be output- 
ting data to a dedicated printer. In such a system it is 
necessary for the two devices to have interfacing options that 
allow local messages to assign them as either a talker or a 
listener. This assignment is most likely made at power-up and 
does not change thereafter. 

Many devices are both talkers and listeners. A program- 
mable multimeter, for instance, is a listener when receiving 
its programmed instructions and a talker when sending its 
data to another device such as a printer or disk. There can be 
many listeners at one time, but only one talker. 

Controllers are used in systems where it is desirable to be 
able to change the functions of devices that can be both 
talkers and listeners. The word controller in the context of 
the IEEE-488 Standard refers to a special device that con- 
nects to the GPIB. It is a complete unit in itself and directs 
the flow of data by assigning devices to be either listeners or 
talkers. It can also interrupt data flow and command specific 
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actions to be taken within the devices. The word controller 
does not refer to a processor on the instrument side of the 
GPIB. 

The controller alters activity on the bus by sending inter- 
face messages. The active controller is the only device 
capable of sending interface messages. It does this in one of 
two ways: 

1. Uniline Messages — The controller can send a message 
over any one of the five general interface management 
lines. 

2. Multiline Messages — The controller can send a 
message over the eight dat a bus lines. It does this by 
asserting the attention (ATN) general interface 
management line signifying to all devices on the bus 
that the eight bus lines contain a multiline message 
rather than data. 

These messages are interface commands which do not in- 
teract directly with the measurement process of an instru- 
ment. They interact only with the interface logic within con- 
nected devices. The primary purpose of these messages is to 
carry out the proper protocol in setting up, maintaining, and 
terminating an orderly flow of device dependent messages. 
(Device dependent messages refer to the information being 
sent by the addressed talker device to the addressed listener 
devices and not the messages used to control the interface.) 
The multiline and uniline messages are used to address 
devices to be talkers or listeners, to tell a device to ignore or 
not ignore front panel settings, to inquire about any prob- 
lems the device has, to reset the interface circuitry, to begin 
making a measurement, etc. 

Addresses are assigned to each device so it can respond to 
addressed commands. Using this address, the controller can 
pick out a specific device and instruct it to be either a talker 
or listener. The controller does not assign addresses; this 
must come from some external means such as a set of switch- 
es attached to the device or a subroutine resident in the soft- 
ware controlling the device. The address is placed in the 
GPIB interface for the device during an initialization se- 
quence. Once resident in the interface circuitry, the device 
can respond to addressed commands. The address is a 15-bit 
digital number that allows the controller to talk to a par- 
ticular device. 

A talker sends a data byte over the GPIB to a listener or 
listeners using an asynchronous three-wire handshak e. Th e 
transfer begins when the talker asserts data available (DAV) 
and is completed when the slowest listener accepts the data 
byte by asserting data accepted (DAC). The third handshake 
line, ready for data (RFD), is used to let the talker know that 
the listeners are ready for data. There are actually four states 
in a data transfer. 

1. The talker generates a new byte. 

2. The states of the data bus signal lines settle. 

3. The listeners accept the data. 

4. The listeners become ready for the next byte. 

Since there can be many listeners (maximum of 14; 14 
listeners plus one talker for 15 devices maximum), it is possi- 



ble to have some that respond very quickly (e.g., a disk) and 
some that respond slowly (e.g., a teletype) to the same data 
byte. In this case, the overall speed of transmission over the 
bus is governed by, and cannot exceed the response rate of 
the slowest active listener. 

The following example is given to demonstrate the com- 
mand structure of the GPIB bus and how this relates to the 
internal processor system of a device. In this example, a 
device assigned a GPIB address of 3 is to send a block of data 
using DMA to a device assigned a GPIB address of 1. One 
procedure for establishing this link is as follows: 

1. Once connected to the system (other devices may also 
be connected to this system), the power to each device 
is turned on. The unique GPIB address for each device 
is placed in its respective general purpose interface 
adapter(MC68488) during a power-on initialization se- 
quence by the processor along with other appropriate 
initialization procedures. 

2. The GPIB controller takes control of the bus by asser- 
ting ATN and, with the appropriate interface com- 
mands, clears all devices on the bus. Remember that 
the GPIB controller only talks to the general purpose 
interface adapter (MC68488) and not directly to the 
device processor. It is up to the MC68488 to alert the 
processor through either a polling or an interrupt 
routine when the processor needs to take action. 

3. The GPIB controller makes device 3 a listener and 
sends it information concerning the upcoming DMA 
block transfer. The MC68488 interprets these bytes as 
data and flags the processor on a per byte basis. The 
processor software interprets these data bytes as device 
dependent messages. These messages provide informa- 
tion such as the precise data to be sent, the format of 
the data, mode of processor transfer — DMA or non- 
DMA, etc. 

4. The GPIB controller clears device 3 and makes 
device 1 a listener. Step 3 is repeated to device 1; 
however, in this case the information pertains to device 
1 as the recipient of the block of data. 

5. The GPIB controller leaves device 1 in the listen mode 
and assigns device 3 to be a talker. The GPIB con- 
troller now releases control of the GPIB, by negating 
ATN allowing the data transfer to take place. 

6. The talker now sends the data in a byte-per-byte se- 
quence to the listener. Each byte is accepted by the 
listener according to the asynchronous handshake. 

7. When the last byte is sent, the talker alerts both the 
listeners and the controller that the nex t byt e is the last 
byte of the data block by asserting the EOI general in- 
terface management line. The end of a data string can 
also be indicated by a special sequence of data 
characters (e.g., carriage return followed by line feed) 
which are interpreted in software. 

8. The GPIB controller can now reconfigure the bus for 
the next data transfer. 
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DIRECT MEMORY ACCESS MODES OF OPERATION 

The MC6844 (DMAC) is capable of three modes of DMA 
transfer, they are: three-state cycle steal, halt cycle steal, and 
halt burst. Only the halt burst and three-state cycle steal 
modes were considered for this system controller since the 
MC6809 can handle these modes efficiently. The 
characteristics of these modes are: 

Halt Burst Mode — In this mode, the processor is 
halted and removed from the bus (the appropriate out- 
put lines placed in the high-impedance state) while a 
block of data is transferred between memory and the 
GPIB. The DMAC manages the control lines (e.g., 
R/W, address lines, etc.) and keeps track of how many 
bytes have been transferred, returning control to the 
processor when the last byte has been sent. Therefore, 
if the DMAC has been programmed for a 16K byte 
transfer, the processor is removed from the bus at the 
beginning of the transfer and is not brought back on 
the bus until all 16K bytes have been transferred. This 
mode of operation provides the direct memory access 
system with the highest data transfer rate capability; 
however, even though the DMAC can operate at this 
high data transfer rate, the actual transfer rate cannot 
exceed the rate at which the GPIA can issue request. 

The main advantage of the halt burst mode is the 
high data transfer capabilities. The main disadvantage 
is that the processor is halted during the entire 
transfer. 

Three-State Cycle Steal — In this mode, the pro- 
cessor is neither halted nor removed from the bus for 
any extended length of time. Rather, the operations of 
the processor are temporarily suspended and the pro- 
cessor removed from the bus (the appropriate output 
lines are placed in the high-impedance state) while the 
DMAC transfers one byte of data. At the end of this 
transfer, control is given back to the processor. If a 
block of data is being transferred, the processor is 
placed back on the bus between each transfer for at 
least one processor clock cycle. This method of direct 
memory access operation is slower than the halt burst 
mode, but does not cause the processor to relinquish 
control of the bus for long periods of time. 
The MC68488 GPIA cannot issue direct memory access 
transfer requests at a high enough rate to take advantage of 
the high data transfer rate capabilities of the halt burst mode. 
This is due to the inherent functionality of the GPIA and the 
IEEE-488 bus. The GPIA must acknowledge each data byte 
on the bus before it can issue the next transfer request. This 
can take up to seven processor clock cycles. In addition, the 
data on the GPIB is transferred in an asynchronous fashion 
and cannot be transferred at a rate faster than it can be ac- 
cepted by the slowest listening device. In many applications 
the data rate on the bus can be very slow; and as a result, the 
transfer requests being issued to the DMAC for the device in 
question could be occurring at a rate considerably slower 
than one every seven processor clock cycles. If the halt burst 



mode were used, the MC6809 would be inactive during the 
non-DMA time that the DMAC is waiting for a transfer re- 
quest from the GPIA. To take advantage of the non-DMA 
time and allow the MC6809 to do processing during this 
time, the three-state cycle steal mode of operation was 
chosen. Now the processor can be brought back on the bus to 
perform tasks in between DMA transfers. 

SYSTEM OVERVIEW 

The DMA system given .in this application is essentially 
divided into seven major circuits as shown in Figure 2. The 
following paragraphs provide a brief description of each of 
these circuits. A description of how these circuits are inter- 
connected as a working system is also provided. 

MC 6809 MICROPROCESSOR — The MC6809 is an ad- 
vanced member of the MC6800 microprocessor family. It has 
special DMA capabilities that allow highly efficient DMA 
data transfers. During non-DMA conditions, the MC6809 
continues to operate the system. The MC6809 initializes the 
other circuits in the system (e.g., MC6844, MC68488, and 
the display). At other times, it can be used to execute special 
purpose programs. 

MC6844 DIRECT MEMORY ACCESS CON- 
TROLLER — The MC6844 requests control of the bus from 
the_MC6809 and issues the appropriate commands (via the 
R/W line, grant line, and address lines) to perform data 
transfers. The direct memory access controller never actually 
receives the data, it directs the flow of the data from one 
place to the other at the correct time and in the required 
direction. After the transfer is complete, the MC6844 returns 
control to the MC6809. 



MC68488 GENERAL PURPOSE INTERFACE 
ADAPTER — The MC68488 provides the interface between 
the IEEE-488 bus and a processor controlled system. After 
initialization, the GPIB system controller places the 
MC68488 in either a talk mode when it is to send data or in a 
listen mode if it is to receive data. 

SYNCHRONIZATION CIRCUITRY — The syn- 
chronization circuitry performs two functions: 1) It syn- 
chronizes the DMA request signal from the DMAC with the 
quadrature (Q) signal from the MC6809 by ens uring t hat the 
DMA request is not presented to the MC6809 DMA/BREQ 
input durin g the last quarter cycle of the E signal. 2) The end 
or identify (EOI) line on the general purpose interface byte is 
used by a talker to indicate to the listeners that the next data 
byte received is the last byte of a block. In this system, this 
line is applied to the synchronization circuitry to disable 
DMA transfer requests to the MC6809. The EOI input to the 
synchronization circuitry is used only when DMA transfers 
are being made from the GPIA to memory. 
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Figure 2. DMA System Block Diagram 



DISPLAY SYSTEM — The display system provides a 
visual indication of: how many blocks of data have been 
transferred, whether the device is a talker or a listener, and 
whether the device is in a local or remote state. 

DEVICE ADDRESS SWITCHES — This set of toggle 
switches is isolated from the data bus by buffers. They are 
used to select the device address for the GPIB, i.e., the ad- 
dress that the GPIB controller uses when sending addressed 
commands. These switches are manually set to the desired 
address. The MC6809 initialization program reads the ad- 
dress by enabling the buffers and places it in the MC68488. 

OPERATION 

This system allows bidirectional data transfers in either a 
non-DMA mode or a three-state cycle steal DMA mode. 



The software is a simplified test program which 
demonstrates the DMA capability of the system and is not in- 
tended as a general purpose application program. The test 
program only allows data transfers in the DMA mode. After 
the initialization sequence, the MC6809 simply monitors the 
GPIA for the direction of data transfer. The DMAC is not 
initialized during the system initialization sequence. The soft- 
ware initializes the display and GPIA and then enters a 
monitor loop leaving the DMAC disabled. When the direc- 
tion of transfer is established, the MC6809 branches to a 
routine that initializes the DMAC accordingly. For system 
simplicity, the characteristics of the transfer (e.g., number of 
bytes to be transferred and beginning memory address) are 
constants in the DMAC initialization routine. The only 
variable is direction and this is determined by monitoring the 
address status register of the GPIA. 



379 



The DMAC is not initialized until the direction of transfer 
has been established by the GPIB controller. The controller 
does this by sending either my talk address (MTA) or my 
listen address (MLA). When the GPIA receives either an 
MTA or MLA, it sets the appropriate talker active state 
(TACS) or the listener active state (LACS) status bit in the 
address status register. The MC6809 polls the address status 
register for status information and initializes the DMAC to 
transfer data from memory to GPIA if the TACS bit is set 
and from GPIA to memory if the LACS bit is set. 

INITIALIZATION SEQUENCE — A power-on reset 
places the display system, DMAC, and GPIA in a reset state. 
During the initialization routine shown in Figure 3, the 
display system and GPIA are initialized. 
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Figure 3. Initialization Routine Flow Chart 

The display system has an MC6821 peripheral interface 
adapter (PIA) which drives two seven-segment displays and 
three indicator lights. During initialization, the PIA lines 
that control the seven-segment displays are programmed as 
outputs and set to zero causing the displays to read a $00. In 
addition, the lines that control the indicator lights are pro- 
grammed as outputs and set to zero keeping the indicator 
light off. 

The GPIA is initialized next. The first step is for the 
MC6809 to read the address selected by the address switches 
and place this value in the GPIA address register (R4W). 
This is the value that the GPIB system controller will use to 
send addressed commands to this device. The next step is to 
remove the GPIA software reset by writing a $00 to the aux- 
iliary command register (R3W). Until the software reset is 
removed (bit 7 of R3W written to zero), the only register in 
the GPIA that can be accessed is the address register. After 
R3W is written with $00, the MC6809 programs the address 
mode register (R2W) with a $80. This deselects certain status 
bits in the interrupt and command status registers from being 
set. The GPIA ignores any conditions on the GPIB that 



cause the GET status bit in the interrupt status register to be 
set and also any conditions that prevent the UACG, UUCG, 
and DCAS status bits in the command status register from 
being set. The interrupt mask register is then set up to enable 
interrupt capability on certain conditions. The interrupt 
mask register is programmed with $86. This allows interrupts 
to occur if the END status bit is set or the CMD status bit is 
set. A summary of interrupt and command status registers is 
given in Figure 4. 

Since bit 7, R2W was set during initialization, the only bits 
in the command status reigster that can cause the CMD 
status bit to be set are remote local change (RLC) or serial 
poll active state (SPAS). The RLC status bit is used to deter- 
mine the state of the remove local indicator light. The serial 
poll active state feature is not used in this system, and if this 
bit gets set and causes an interrupt, the system software goes 
to a trap routine and displays $E4 on the display. 

MONITORING SEQUENCE — After the initialization 
sequence, the MC6809 software enters the monitor loop 
shown in Figure 5. The primary purpose of this routine is to 
set the indicator lights to indicate how the GPIA has been ad- 
dressed (talk or listen) and initialize DMAC. The first pro- 
cedure that is executed in the monitor loop is a reset and set 
of the GPIA interrupt mask register. Since the GPIA inter- 
rupt structure is edge sensitive to the setting of its status bits, 
the reset/set sequence of the interrupt mask register ensures 
that if a second interrupt bit gets set while a prior one is still 
set, this second interrupt is not missed. Now the address 
status register (R2R) of the GPIA is monitored. If the LACS 
bit is set, the listen status indicator is turned on and the 
DMAC initialized to transfer data from the GPIA to 
memory. If the TACS bit is set, the talker indicator light is 
turned on and the talker memory buffer is loaded with 
"dummy" values for the example test transfer. The DMAC 
is now initialized to transfer data from memory to GPIA. 

After the direction of DMA transfer is established and the 
DMA controller initialized, the program enters the wait loop 
shown in Figure 6. The system enters this loop and waits for 
a DMA transfer request to be issued by the GPIA. The wait 
loop is not a necessary part of the system and in many ap- 
plications can be replaced by the MC6809 performing some 
task. While in the wait loop, the software checks the address 
status register for any change in the addressed state. The 
following conditions result: 

1. If there is not a change in address status of the GPIA, 
no action is taken and the program continually cycles 
through the wait loop. 

2. If the GPIA is unaddressed (e.g., receiving an unlisten 
or untalk command), the program turns off the 
DMAC and goes to the monitor loop. This unaddress- 
ed condition is detected by monitoring the my address 
(ma) status bit in the GPIA. 

3. If the addressed state changes from talker to listener or 
from listener to talker during a DMA block transfer, 
the wait loop branches to a trap routine and $E1 is 
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Figure 6. Wait Loop Flow Chart 



displayed. Should this type of change occur, an error 
condition is trapped by the software and no additional 
block transfers are allowed to occur. The system pro- 
gram must be restarted. 
Any change in the address status requires intervention by 
the GPIB system controller. This does not occur during most 
block transfers. It is possible, however, for the controller to 
take over the bus synchronously and untalk/unlisten the 
devices (condition 2 above). This might occur in response to 
a service request from some device in the system. Most likely, 
condition 3 will never occur (changing the talker/listener 
state immediately to the listener/talker state during a block 
transfer). If this does occur, the software enters a trap 
routine and $E1 is displayed. 

LISTENER TRANSFER SEQUENCE — When the 
GPIA enters the listener active state, the LACS bit in the ad- 



dress status register is set. The MC6809 software monitors 
this register and as soon as it finds the LACS bit set, the 
DMAC is enabled. The byte count register is loaded with a 
number larger than the actual number of bytes to be transfer- 
red during DMAC initialization. Rather than having the byte 
count register decrement to zero to end t he block transfer, 
the talker asserts the end or ident ify ( EOI) management line 
to end the transfer. Asserting EOI causes the GPIA to 
generate an interrupt as an end of block transfer indication 
and prepare to receive the final byte via software as shown in 
Figure 7. 

After the DMAC is initialized, the software will enter the 
wait loop. When the GPIA receives a data byte it issues a 
transfer request t o the D MAC. The DMAC, in turn, issues a 
transfer request (DRQT) to the synchronization circuitry. It 
synchronizes this re quest w ith the Q clock from the MC6809 
and issues a DMA/BREQ to the MC6809 during the Q high 
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time. The low input on the MC6809 DMA/BREQ pin stops 
instruction execution at the end of the current cycle (E 
pulse). The processor address and data lines go to a high- 
impedance state and the BA and BS output lines go to a 1 to 
indicate that the present cycle is the dead cycle used to 
transfer control to the DMAC. The BA and BS outputs are 
ANDed to become a DMA grant input to the DMAC. Once 
the DMAC has bus control, it issues a DMA grant to the 
GPIA. During the E pulse, while DMA grant to the GPIA is 
high, the data is actually transferred. The GPIA releases the 
Hjmtfer_request line to the DMAC. The DMAC releases the 
DMA/BREQ input to the MC6809 and, after one dead cycle, 
the MC6809 removes the high-impedance state from the ad- 
dress and data lines and takes control of the bus. The pro- 
cessor is free to perform other tasks. The transfer uses three 
E pulses (one pulse for the transfer and one dead cycle before 
and after the transfer). Each data byte is transferred using 
this same procedure. 
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1 

Go To Monitor 



Figure 7. Receive Last Byte Routine Flow Chart 



Prior to rec eiving the last byte of data, the GPIB talker 
drives the EOI line low. The EOI line is an input to the syn- 
chronization circuitry and, when asserted, prevents a DMA 
request from the DMAC to the MC6809 from being issued. 
This ensures that the MC6809 does not release control of the 
bus t o the DMAC for the last byte transfer. In addition, the 
EOI line causes the END status bit in the GPIA to be set 
which in turn sends an interrupt to the MC6809. When the 
MC6809 software detects the END status bit set, it branches 
to a special routine, and the last byte is transferred to 
memory via processor software. The last byte is transferred 
by software since the processor must be used to read the 



status of the MC68488 for the occurrence of an EOI. The 
software also disables the DMAC. The software returns to 
the monitor loop when the last byte is in memory. Rece ption 
of this last byte causes the GPIB talker to release the EOI 
line. 

TALKER TRANSFER SEQUENCE — The GPIB system 
controller instructs a device to send data by sending its talk 
address (MTA). When the MC68488 is made a talker, it 
moves into the talker active state and the TACS bit in the ad- 
dress status register is set. If set, the MC6809 initializes the 
DMAC to transfer data from memory to GPIA. The DMAC 
byte count register is loaded with the number N-l, where N is 
the number of bytes to be transferred. A DMA transfer is 
used for N-l bytes. The last byte (N) is sent to the GPIA via 
MC6809 software. The last byte is sent this way because just 
prior to sending the last byte the MC6809 must set the forced 
end or identify (feoi) bit in t he a uxiliary command register of 
the GPIA. This causes the EOI management line to go low 
and alert the listener(s) that the next byte is the last byte of 
the block. Figure 8 is a flowchart of the send last byte 
routine. 
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Figure 8. Send Last Byte Routine Flow Chart 
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As soon as the MC68488 enters the talker active state, a 
transfer request is issued indicating that the MC68488 is an 
active talker and the output buffer is empty. Each time the 
byte written to the GPIA output buffer is accepted by the 
listener(s) on the bus, another transfer request is issued. The 
transfer request handshake sequence between the MC68488, 
MC6844, and MC6809 is the same in the talker mode as it is 
for the listener mode. 

INTERRUPT HANDLING — There are two sources of 
interrupts, the DMAC and the GPIA. When an interrupt oc- 
curs, the software checks to see if the DMAC caused the in- 
terrupt, as shown in Figure 9. The DMAC only generates an 
interrupt when the byte count register decrements to 0. Recall 
that, in the listener mode, the byte count register is program- 
med with a hex number larger than the number of bytes to be 
transferred. In the talker mode, the byte count register is pro- 
grammed with N-l, where N is the number of bytes to be 
transferred. Therefore, the only time the DMAC can 
generate an interrupt in this system is when the GPIA is in 
the talker mode and is ready to transfer the last data byte 
from memory to GPIA. 

If a DMAC interrupt occurs, the software checks the R/W 
bit in the DMAC channel control register. If this bit is not 
set, the DMAC is programmed to transfer data from GPIA 
to memory indicating that the GPIA is programmed to be a 
listener. In this instance, the byte count register was initializ- 
ed with a number too small for the block size being transfer- 
red. The system enters a trap routine and $E2 is displayed. If 
the R/W bit is set, the system is in a talker mode and it is time 
to send the last byte of the block. The software enters the 
send last byte routine. 

If a DMAC interrupt did not occur, then the GPIA is 
checked. If the GPIA INT status bit is not set, then one of 
two conditions has occurred. Either an extraneous interrupt 
was produced by another device such as a PIA or the GPIA 
has produced a "ghost interrupt." Ghost interrupts can oc- 
cur in this system if the GPIB controller performs an illegal 
sequence of events or if the GPIA is placed in the serial poll 
active state (SPAS) and then removed from this state before 
the MC6809 interrupt software can check the GPIA status. 
Should any of these conditions occur, the software enters the 
trap routine and $E3 is displayed. 

If the GPIA caused the interrupt, the software first checks 
the CMD bit in the interrupt status register. If the END bit is 
not set, the GPIA interrupt occurred from some other source 
in the interrupt status register. This implies that the interrupt 
mask register was incorrectly initialized and $E3 is displayed 
and the program trapped. If the END bit is set, then the last 
byte of the block is to follow. The program turns off the 
DMAC and then begins monitoring the BI bit in the interrupt 
register for the occurrence of the last byte. 

If the GPIA caused the interrupt and the CMD bit was set, 
the software checks the command status register. All the bits 
in the command status register except the RLC and SPAS 
bits have been deselected in the initialization sequence. 
Therefore, the software only needs to check the RLC bit and, 
if it is not set, can assume that the interrupt was caused by 



SPAS. Since the SPAS feature of the GPIB is not used in this 
system, this occurrence causes the software to enter a trap 
routine. If the RLC bit was set, then the software checks the 
REM bit to see if the device is in local or remote and operates 
the remote/local indicator light accordingly. 

DATA RATE — The data rate in this type of system is a 
function of the response of the device being communicated 
with. During the testing of this operation, a Hewlett Packard 
GPIB Emulator which has a TTL response rate was used 
(negligible when compared with the 6809/6844/68488 
system). Because of this, the data rates for the system in this 
application are primarily a function of the 6809/6844/68488 
system and any increase from combining the response rates 
for devices on both sides of the communications link can be 
considered negligible. The data rate differs slightly depen- 
ding on whether the GPIA is a talker or a listener. This time 
difference is a result of the GPIA itself. The data rate as a 
listener is measured from the time the GPIA made the ready 
for data (RFD) line true for one transfer to the time RFD is 
made true for the next transfer. This time is 1 1 E-clock cycles 
which results in, for a one megabyte E clock, a transfer rate 
of 99K bytes per second. 

The data r ate a s a talker is measured from the t ime t he 
GPIA made DAV true for one transfer to the time DAV is 
made true for the next transfer. This time is eight E-clock 
cycles and results in a transfer rate of 125K bytes per second. 

SYSTEM HARDWARE 

The system hardware is designed to maximize the efficien- 
cy of DMA transfers and to provide an orderly processor bus 
control exchange between the processor and the DMAC. As 
mentioned earlier, there are two handshake sequences for 
each DMA transfer. The handshake between the peripheral 
device and the DMAC is to request and grant a DMA 
transfer. The handshake between the processor and DMAC 
is to exchange control of the processor bus. This control ex- 
change must occur in an orderly fashion to eliminate bus 
contention. System clock cycles called "dead cycles" are pro- 
vided before and after the actual DMA transfer cycle. It is 
during these dead cycles that the device in control of the pro- 
cessor bus releases control and goes into a high-impedance 
state and the other device assumes control by coming out of a 
high-impedance state. As shown in Figure 10, the timing is 
designed so that each exchange occurs in one cycle to max- 
imize system efficiency and yet prevent both devices from 
trying to be in control of the processor bus at the same time. 
There is a time during each dead cycle where both the pro- 
cessor and DMAC are off the bus and the processor bus and 
control lines are in the high-impedance state. To prevent a 
spurious write or read during this time, a signal called 
DMAVMA is generated which disables the chip select of all 
peripheral devices. 

To ensure that the entire post dead cycle has a DMAVMA, 
a signal called first quarter (FQ) is used to provide DMAV- 
MA for the first quarter of every MC6809 E clock period. 
Since the first quarter is not used by peripheral devices, this 
operation does not pose any system problems. 
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Figure 10. System DMA Cycle Timing 



During data chaining operations on the DM AC, an extra 
post dead cycle occurs during the data chain process itself. 
The DMAVMA signal is not generated for this extra dead cy- 
cle. To prevent spurious read/write operations, the DMA re- 
quest line from the MC68488 is input to the synchronization 
circuitry. This allows the MC6809 to take control of the pro- 
cessor during the extra data chaining dead cycle. 

To immediately begin a DMA transfer sequence, the 
MC6844 must have a request at the TxRQ input within 120 
nanoseconds of the rising edge of E in the cycle just before 
the pre-DMA dead cycle. Otherwise, the DMA transfer se- 
quence will occur one cycle late. This does not affect pro- 
cessor efficiency but slows the response time to the peripheral 
requesting attention. The MC68488 issues its request to the 
MC6844 within this time, as well as synchronously with 
respect to E. Figure 11 is a timing diagram for the system 
showing the relationship between MC6809, MC6844, and 
MC68488 request and grant signals. 

The GPIA provides the necessary handshake lines to allow 
it to be used in a DMA mode. These control lines (DMA 
Grant and DMA Request) are used to control the transfer of 
data bytes to and from memory with the aid of a DMAC. 
The DMA control lines as well as the specialized operation of 
the R/W line and register select lines (RSO, RSI, RS2) in this 
mode allow a DMAC such as the MC6844 to connect directly 
to the GPIA without any additional gating circuitry. A DMA 
request automatically causes the GPIA to select register 7, in- 
vert R/W, and proceed with the data transfer when a DMA 
Grant occurs. Therefore, no R/W inverters or data bus 
drivers are needed. 



SYNCHRONIZATION CIRCUITRY — The syn- 
chronization circuitry is sh own in Fig ure 12. During a 
transfer the gating of EOI and DQRT prevents the data 
transfer request (from the DMAC) from being applied to the 
processor when EOI is asserted. With no transfer request ap- 



plied to the MC6809 it res umes a normal operation. In 
parallel with the assertion of EOI, the MC68488 has issued 
an interrupt request (IRQ) to the MC6809 to service a last 
byte condition signified by the presence of EOI. The MC6809 
selects register 7 and moves the last byte of data itself. Now 
the system software will turn off the DMAC and enter the 
monitor loop. This method of detecting the last byte is used 
beca use the processor may not know the message length. The 
EOI indication provides more versatility for sensing the last 
byte of a block of data and is readily available on the GPIB 
as an option for instruments and controllers. In addition, the 
TxRQ input removes the DMAC from the bus and puts the 
MC6809 on the bus during the second post-DMA dead cycle 
that occurs during data chaining operations. 

With the syst em in a typical transfer mode, the transfer re- 
quest signal DRQT is gated to the synchronization 
circuitry. The purpose of the circuitry at this time is to delay 
the transfer request until the next high Q. Thus, not only 
should the signal be clocked through on positive edges of Q, 
but it should also be allowed to appear directly at the 
DMA/BREQ input of the MC6809 when Q is high. 
Therefore, the flip-flop latches on positive edges and, during 
the positive half of Q, passes the signal directly to the 
MC6809. This enables the system to work both in its present 
format as well as with other peripherals which may signal 
their transfer requests later in time. 

TIMING DESCRIPTION — This description assumes in- 
itialization of peripherals and controllers and a typical 
character transfer to/from memory. Both transfer types are 
shown — the byte from memory (talker mode) and a byte to 
memory (listener mode). To alleviate any timing losses on the 
IEEE-488 bus, a Hewlett Packard GPIB emulator with an 
automatic high-speed receiver/transmitter is used as the 
"other end" sender/receiver. This TTL device has an inter- 
nal delay in both modes of 80 nanoseconds (due to the ready- 
ing of new data while the MC68488 receives/talks). 
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Figure 12. Synchronization Circuitry 



LISTENER — Refer to Figure 13. With the GPIA in the 
listener mode, the ready for data (RFD) handshake line goes 
high as the GPIA is ready for another byte. One emulator 
box delay (80 ns) later, data is valid on the bus (2). Approx- 
imately two clock cycles later, the GPIA has taken the byte 
and RFD goes low. 

Three and a half clock cycles later, the GPIA issues a re- 
quest to the system using the DMA request line (7). Approx- 
imately 300 nanoseconds later, the MC6844 issues DRQT. 
The synchronization circuitry passes the reques t instan tly 
since Q is high, and the MC6809 receives a DMA/BREQ in- 
put. At the begin ning of the de ad cycle (if the 125 nanosec- 
ond lead time on DMA/BREQ was observed), the BA and 
BS lines both go high to indicate that the bus is in a high- 
impedance state and is available. With the BA and BS signals 
ANDed together and sent to the DGRNT input of the 
MC6844, the DMAC readies the bus for transfer by output- 
ting: the address for the memory store, a write condition on 
the R/W line, and in the next cycle, a TxSTB to the DMA 
grant line of the GPIA. As soon as DMA grant is received, 
the TxRQ is removed f rom the MC6844 by the GPIA and, 
300 nanoseconds later, DRQT is also brought low. By the 
falling edge of E on the DMA cycle, the GPIA has 
automatically selected register 7. It has inverted R/W (so that 
the "write" of the received data to memory means "read" 
from the GPIA), and on the falling edge of E, the data is 
latched into memory at the address that the MC6844 has 
already supplied. Now that a byte has been taken from 
register 7, the GPIA prepares to receives a new byte from the 
GPIB. In the post DMA dead cycle, a data accepted (DAC) 
signal is put on the bus @. After one (80 ns) emulato r box 
delay the GPIA gets a "Not Valid" indication on the DAV 
line (5). From that time to a new RFD signal ©, the internal 
delay time in the GPIA is required to reset all latches and 
begin again. 



TALKER — The processor bus timing when the GPIA is 
in the talker mode is the same as for the listener mode. The 
rate that transfer requests are generated by the GPIA is 
directly related to how quickly the listener can accept the 
data. Figure 14 shows the system timing when the GPIA is 
programmed as a talker. 

As soon as the data from the last transfer is accepted at the 
emulator and a DAC is received Q), the GPIA sends out its 
DMA request for a new byte from the MC6844. Three cycles 
later when the DMA occurs (3), the GPIA begins to move 
that data to th e GPIB . One and one-half cycles later @, the 
GPIA issues DAV, and the emulator issues DAC 80 
nanoseconds later. After a response time to "Data Not 
Valid" (approximately 2 cycles), the emulator is ready for a 
new byte from the GPIA @. 

i 

SYSTEM SOFTWARE 

The software shown in this application is not intended to 
be a general purpose application program. It is an example 
program showing how the MC68488 can be used with the 
MC6809 in a DMA system. The memory map for this system 
is shown in Figure 15. 

TRAP ROUTINE — The software has a trap routine 
which displays a code on the system display. Once the system 
enters the trap routine, it remains in this routine. If an EX- 
ORciser system is used, then the Restart key has to be used to 
restart the program at the monitor loop location (SD079). A 
list of the display codes are given below. 
Code Description 
El The LACS/TACS bit in the GPIA is set, but the 
listener/talker software flag bit (PIAIMG) is not set. 
This condition could occur uring a DMA block 
transfer if the GPIA system controller readdresses 
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Figure 15. Memory Map 



Memory Function 


Memory Location 


MC68488 Registers 


$E060-$E067 


MC6844 Registers 


$E040-$E056 


Display System (PIA Registers) 


$E070-$E073 


Main Program 


ORG at $D0CX) 


Receive Memory Buffer 


$D800-$D8FF 


Talker Memory Buffer 


$D800-$DBFF 



the GPIA to be a talker when it was a listener or vice 
versa. 

E2 The DMAC caused the interrupt, but the system was 
not programmed to be a talker. Under normal opera- 
tions, the DMAC should only interrupt the MC6809 
when the system is in the listener mode. If it inter- 
rupts when the system is in the listener mode, then 
the count in the DMAC byte count register was ex- 



ceeded by the actual number of bytes in the block 
received. The byte count register must be initialized 
with a larger number or the block of data to be 
transferred must be broken up into smaller blocks. 

E3 Neither the DMAC nor the GPIA interrupt bits are 
set. The interrupt was caused by another device or 
the GPIA produced a "ghost interrupt." In this 
system the only way the GPIA produces a "ghost in- 
terrupt" is if the GPIB system controller places the 
GPIA in the serial poll active state (SPAS) and then 
removes it from this state before the MC6809 can res- 
pond to the interrupt. 

E4 The SPAS bit is set. This occurs if the GPIB system 
controller sends the serial poll enable command and 
then sends the device talk address placing the GPIA 
in the serial poll active state. 

EXAMPLE PROGRAM LISTING — The following pro- 
gram listing is an example program to show how the 
MC68488 can be used with the MC6809 in a DMA mode. 
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00032 




E054 


A 


phi row 


EOU 


SEP54 


PRIORITY CONTROL REG 


00033 




E055 


A 


INTCON 


EOU 


^EC^S 


INTERRUPT CONTROL- REG 


00034 




Eflfltl 


A 


ADDH0 


EOU 


SEH4V 


HIGH ORDER Am PYT* 


00035 




E041 


A 


ADPL0 


EOU 


fF.1141 


lov order address pvte 


0003fi 




E042 


A 


BYTEHil 


EOU 


SEP 4 2 


HIGH ORDER BYTE fnt''T 


00037 




E043 


A 


RYTEL0 


EOU 


SEH43 


' LOK ORDER PYTE COUNT 


00038 




E04C 


A 


ADDH3 


EOU 


SEf!4C 


high nn?EP A"r byte 


00039 




E04D 


A 


ADDL3 


F.yu 


SEP6D 


LOv; ORDER ADDRESS KYTr' 


00040 




E04E 


A 


BYTEH3 


EOU 


FE0JE 


HIGH ORDER PYTr: COU'JT 


00041 




E04F 


A 


BYTEL3 


EQU 


;E0flF 


low order byte couvt 


00042 




R056 


A 


P-CHAIN 


EOU 


SEC 5^ 


RATA CHAIN PEG 


00043 
















00044 








•THEFOLLQl-'I NG 


ARE PIA 


REGISTER APPRESS- 


00045 
00046 








•LOCATIONS 






00047 




EB71 


A 


CRA 


EOU 


SE071 


CONTROL REG A 


00048 




E073 


A 


CUB 


EOU 


SE/73 


CONTROL REG P 


00049 




E370 


A 


PRA 


EQU 


SF07rt 


PERIPHERAL REG A 


00050 




E072 


A 


PRR 


EOU . 


SE072 


PERIPHERAL REG K 


00051 




E070 


A 


DP A 


EOTJ 


SE07« 


DATA PI RECTI ON REG ft 


00052 




EB72 


A 


DDB 


EOU 


SE072 


HAT A DIRECTION REG R 


00053 
















00054A 


D000 


00FF 


A 


LRYCNT 


FOP 


S00FF 


MAX NO. LISTEN BYTES 


00055A 


DW02 


00FE 


A 


TBYCMT 


FDR 


S00FE 


N-l OF M TALK PYTES 


00056A 


D004 


D800 


A 


LWEMPT 


FDR 




LISTEN "F* PIIF POINTER 


00057A 


D006 


DS00 


A 


TMFMpT 


FOB 


Spnpp 


TALK »F.f BUF POINTER 


00058A 11008 


04 


A 


RENON 


FCB 


SIM 


PEN LIGHT ON HASK 
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00059A 


D009 




FB 


A 


RENOFF 


FCB 


SFB 


REN LIGHT OFF MASK 


000R0A 


D00A 




01 


A 


TALKON 


FCR 


S01 


TALK LIGHT GN If ASK 


00061A 


D006 




FE 




TALKOF 


FCB 


$FE 


TALK LIGHT OFF MASK 


00062A 


D00C 




02 


A 


LISTON 


FCB 


$02 


LISTEN LIGHT ON MASK 


00063A 


D00D 




FD 


A 


LISTOF 


FCB 


SFO 


LISTEN LIGHT OFF ""ASK 


00064A 


D00E 




63 


A 


SCALF.H 


FCB 


f63 


BLOCK PISPLAY PRESCALFI- 


00065A 


D0 0F 




86 


A 


MASK 


FCB 


S86 


GPIA INTERRUPT ■.«■ 5E 


000K6A 


D010 




80 


A 


DSEL 


FCB 


T80 




000S7 


















00046A 


D011 




0001 


A 


BLOCK 


RMB 


1 


NO. OF PRFSCALEO RLDGKS TRA'^E 


00069A 


D012 




0001 


A 


GO MP 


RMB 


1 


PRESGALE COUNT COT ARE 


00070A 


D013 




0001 


A 


PIAIMG 


RMB 


1 


IMAGE OF LE n LIGHTS 


00071 


















00072 










* 








00073 










** 'INITIALISATION ROUT I E * * 


00074 


















00075 










* 








0007SA 


D014 


1A 


10 


A 




ORCC 


IS10 


DISABLE INTFRr.'JPTE 


00077 










*- 








00078 










•CLEAR 


LISTENER (. TALKER "F.i* PUFFER? 


00079 


















00080A 


□016 


4F 








CLRA 






00081A 


D017 


B7 


00 12 


A 




STA 


CO.Mp 


SET CO"P TO ZERP 


00082A 


DfllA 


BE 


D004 






LPX 


LMEMPT 


GET LIST. ME" POINTER 


00083A 


D01P 


10RE 


D000 


A 




LPY 


LRYCMT 


GET LIST. RYTr: COUNT 


00084A 


D021 


A7 


84 


A 


LOOP1 


STAA 


R,X 


CLEAR NEW LOCATION 


0A0B5A 


D?23 


1C 


g# 






!*'./" 








DP 25 


31 


3F 






LEAY 


-l|.Y 




BBflf!7A 


r>f?7 




P? 










t.l '■ ' ' ' ■ T 


iippo.lA 


P03P 


A7 


"4 


A 


LCnp? 


ST A 




(!I,C.*« t.'VATIO'-' 


0009 1A 


0032 


30 


IF 


A 




LFAX 


-1, X 


MOVE TO "EXT ME*" LGCATIOV 


00092A 


DP34 


31 


3F 


A 




LEAY 


-1,¥ 


IS THIS LAPiT LOCATION OF P'-'EFF 


00093A 


PC36 


26 


F8 


D030 




BKE 


LGCP2 , ' 


IF NCT, CLEAR A , .'OT u ER 


00094 


















00095 










•INITIALIZE 


GPIA 




00096 


















00097A 


D038 


B r i 


EC64 


A 




LOA 


R4R 


REAP AD PR ERF R'-'ITGI'ES 


00098A 


D03R 


B7 


E064 


A 




STA 


H4W 


PLACF APPRESS IN GPIA 


0B099A 


D03E 


8fi 


00 


A 




LDA 






00100A 


D040 


B7 


E06 3 


A 




STA 


R3'»' 


REMPVP GPIA RESET 


00101A 


DR43 


Bfi 


DfllP 


A 




Lr>A 


DSEL 


PESEL CERTAIN STATHS 


00102A 


0046 


B7 


E062 


A 




STA 


R?K 


BITS FROM CAUSING IRD 


00103 


















00104A 


D049 


Bfi 


D00F 


A 




LOA 


MASK 


GET IR^ MASK BYTE 


00105A 


D04C 


B7 


E060 


A 




STA 


R0V 


SET UP GPIA IRP "AS* 


00106 


















00107 










•INITIALIZE 


PIA 




00108 


















00109A 


D01F 


86 


00 


A 




LOA 


IS0P 


SELECT DATA DIRECTION 


00110A 


D051 


B7 


E071 


A 




STA 


CHA 


REG FOR A PORT 


00U1A 


00 54 


B7 


E073 


A 




STA 


GRB 


SELECT POET R DATA DIR. 


00112A 


D057 


86 


FF 


A 




LOA 


#SFF 




00113A 


D059 


B7 


E070 


A 




STA 


DDA 


PORT A AS OUTPUT 


00114A 


D05C 


B7 


E072 


A 




STA 


DDB 
IS04 


PORT B AS OUTPUT 


00115A 


D05F 


86 


04 


A 




LDA 




00116A 


D061 


B7 


E071 


A 




STA 


CRA 


SELECT PERI°H. REG A 
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G0117A 


"5 


F7 


E073 


A 




STB 


CRB 


SELECT PERIPH. REG B 




DPC7 


ac 


P0 






LDA 


ISC0 




a PI I9A 




P7 


E070 


A 




STA 


PRA 


IN1T. PORT A TO ZERO 


PP12.0A 


DP'iC 


B7 


E072 


A 




STA 


PRB 


INIT PORT B TO ZERO 


"KII 2 1 










*ASSIST*9 INTERRUPT PROCEDURE 


> 8123 


















i) 1 2 A A 


OP IF 


i c 


RF 


A 




ANDCC 


l$EF 


ENABLE SYS. INTERRUPTS 




Hi 71 


81 


0C 






LDA 


J12 




1 7 - r ' ft 


Pi! 7 3 


If 


-fl5-0*)-R3 - 










ill"! 77A 


iv77 


3F 








SWI 






K P17 S A 


PP79 




P9 


A 




FCH 


Q 




J 3 P 

P i 1 3 1 










•FALL 


THROUGH 


TO MONITOR 


03137 










•••MONITOR** 






?ci 33 


















P P 1 3 4 A 


DP 79 


r§ 


PP 


A 


CON IT 


LDA 


IS00 




L Pi 3SA 


DP7R 


R7 


EP.fii) 


A 




STA 


RPR 


RESET GPIA IRG MASK 


l) i*l 36A 


DP7E 


B^ 


00 OF 


A 




LDA 


MASK 




0P137A 


DP 81 


R7 


EC SO 


A 




STA 


R0R 


SET GPIA IRO MASK 


3 P i 3 8 


















S P 1 3 9 










•CHECK 


GPIA TO SEE IF 


ACTIVE TALKER/LISTENER 


0014 ia 


D0P4 


F1 


E0fi2 


A 


L00P7 


LOB 


R7R 


LOAD GPIA ADD. STATUS 


flt?147A 


DP37 


C5 


P4 „ 


A 




BITB 


IS04 


IS LACS SET 


C PI 43 A 


DP89 


21 


1 R 


D0A9 




BNE 


LACS 


IF YES, SET UP DMAC 


i)?i4<?A 


dpbb 


B1 


D013 


A 




LDA 


PIAIMG 


IF NO, 


0P145A 


dp3e 


R4 


D00D 


A 




AN DA 


LISTOF 


TURN OFF LISTEN LIGHT 


0O14r.A 


DP.91 


R7 


EP72 


A 




STA 


PRB 


REND TO FRONT PANEL 


P0147A 


(1(194 


B7 


H013 


A 




STA 


PIAIMG 


UPDATE PIAIMG 


PI 4 8 A 


DP97 


G5 


08 


A 




BITB 


ffS08 


IS TACS SET 


0P149A 


Df 99 


21 


45 


D0E0 




BNE 


TACS 


IF YES, SET UP DMAC 


0015PA 


EH)9B 


■H 


DP13 


A 




LPA 


PIAIMG 


IF NO, 


00151A 


DP9E 


B4 


DPPB 


A 




ANDA 


TALKOF 


TURN OFF TALK LIGHT 


0PJ52A 


DPAi 


P7 


EP72 


A 




STA 


PRB 


SEND TO FRONT PANEL 


001S3A 


DP A* 


R7 


DPI 3 


A 




STA 


PIAIMG 


UPDATE PIAIMG 


3 ill 11 A 


D0A7 


2d 


DU 


D084 




BRA 


LOOP7 


- TEST GPIA ADD STATUS 


flPISS 
















OCXS* 










•SET UP DMAC 


FOR LISTEN ROUTINE 


a*iS7 


















am 5ga 


DP A 9 


B1 


DP13 


A 


LACS 


LDA 


PI AIM". 




«pi59a 


DP AC 


F)4_ 


D0PB 


A 




ANDA 


TALKOF 


TURN OFF TALK LIGHT 


001*5 (TA 


TP AT 


MA 


DPOC 


A 




ORA 


LIS TON 


TURN ON LISTEN LIGHT 


aaifiiA 


DPR 2 


B7 


E072 


A 




STA 


PRB 


SEND TO FRONT PANEL 


i!0i<52A 


COP 5 


B7 


DC 13 


A 




STA 


PIAIMG 


UP DATE PIAIMG 


0fl:l3A 


P0B8 


RE 


D004 


A 




LDX 


LMEMPT 


GET LIST. START ADD 


i n 4 A 


DPflR 


RF 


EC 40 


A 




STX 


ADDH0 


PUT IN DMAC CHAMMEL 


O0115A 


D0BE 


BP 


E04C 


A 




STX 


ADDH3 


PUT IN DMAC CHANNEL 3 


P0166A 


D0C1 


HE 


D000 


A 




LDX 


LBYCNT 


GET NO. OF BYTES 


01 17A 


DPCfl 


BP 


E042 


A 




STX 


BYTEH0 


PUT IN DMAC CHANNEL P 


0011BA 


D0C7 


BP 


E04E 


A 




STX 


BYTEH3 


PUT IN DMAC CHANNEL 3 


P.B119A 


DOCA 


Sfi 


01 


A 




LDA 


#S04 


SELECT UP COUNT, TSC 


0017CA 


dacc 


B7 


E059 


A 




STA 


CHCON 


STEAL, & MEM WRITE 


00171A 


D0CF 


Pfi 


SI 


A 




LDA 


fl s a i 


SELECT IRO ON DEND 


00172A 


D0D1 


B7 


E055 


A 




STA 


INTCON 


PUT IN DMAC 


0P173A 


D0D4 


ei 1 


00 


A 




LDA 


#S00 




0.0174A 


DRDfi 


B7 


E051 


A 




STA 


DCHAIN 


DISABLE DATA CHAIN FEATURE 





04 GPIA? 


.SA:P ; 


PIA1 








,1 1.17 5A 


DPD9 


VS 


pi 


A 




LDA 


IS01 


ENABLE CH. TRANSFER REQUEST 


P P 1 7 1A 


D0 r !» ) 


B7 


E054 


A 




STA 


PRICON 


i (117 7 A 


DfiDE 


l:h 


49 


D129 




BRA 


WAIT 




PP17B 


















PI 79 










SET 


JP DMAC 


FOR TALK 


ROUTINE 


1 5 * ' ' 


















P P 1 . . 1 A 


F?PE0 




DO 13 


A 


TACj 


LDA 


PIAIMG 




PPi^A 


D0E3 


B4 




A 




ANDA 


LISTOF 


TURN OFF LISTEN LIGHT 


? P 1 3A 












ORA 


TALKON 


TURN ON TALK LIGHT 


(* Pi 3 4 A 




l?7 


FP72 


A 




STA 


PRB 


SEND TO FRONT PANEL 


PP135A 


CflEC 


B7 


DB13 


A 


* 


STA 


PIAIMG 


UPDATE PIAIMG 














TALKER 


MEM BUFFER 


P .' 1 5 f? A 


ri'EF 


HE 


PPiifi 


■A 




LDX 


T^EMPT 


GET MEM POINTER 


lIPl^flA 












LDY 


TP.YCNT 


GET NO. OF BYTES 


a p i ? p a 


i^M 


Cfi 


00 


A 




LDB 


#S0R 




P-P191A 


■^PFE 


E7 


P.A 


A 


L00P3 


STB 


P,X 


STORE DATA BYTE IN MEM 


PP1?2A 


PPFA 


PC 








INCB 




INC, NO. TO BE STOREP 


3A 


r<i*FB 


3 P. 


IF 


A 




LEAX 


-1,X 


DEC. ADDRESS POINTER 


ppi?';a 


DflFf! 


31 


3F 


» 




LEAY 


-l.'Y 


DECRIMEMT BYTE COUNT 


PP1°5A 


3PPF 


21 


F7 






BNE 


LOOP 3 


IF NOT LAST DO ANOTHER 


iMlP^A 


PI fi 




DP p 


A 




LDX 


TMEMPT 


GET TALK BUF ADD. 


B ^ 1 9 7 A 


ni-M 


8F 




A 




STX 


Annuo 


PUT IN DMAC CHANNEL 




D1P7 




EP4C 


A 




STX 


ADDH3 


PUT IN DMAC CHANNEL 3 




Dl PA 


BE 


Cil07 


A 






TRYCNT 


GET NO. OF BYTES i 


'>'■»? ah* 




BF 


F042 


A 




STX 


BYTEHP 


PUT IN DMAC CHANNEL 


3?2iUA 


ruin 


BF 


EP 4 F 


A 




STX 


BYTEH3 


PUT IN DMAC CHANNEL 3 


P^2,'.2A 


nil 3 




BS 


A 




LDA 


*S05 


SELECT UP COUNT, TSC 


v! ? 2 P 3 A 


S115 


P,7 


E05P 


A 




STA 


CHCON 


STEAL , 6 MEM READ 


t , t c 


r-ii'' 










LDA 


»S81 


SELECT IRO ON DEND 




nUA 


P7 


EPS 5 






STA 


INTCOnI 


PUT IN DMAC 


'■ : '* ! ' SA 


n in 




flp 






LDA 


■ SOP 


DISABLE DATA CHAINING 




D11F 


87 


Ei)5fi 






STA 


DCHAIN 


FEATURE OF DMAC 
















IS01 




PP2P9A 


R124 


B7 


E054 


A 




STA 


PRICOM 


ENABLE CH TRANSFER 


PP21PA 


ri?7 


2P 


00 


D179 




BRA 


WAIT 




? 02 1.4 










* 








P":*2i2 










•WAIT 


LOOP - 


WAITS FOR 


A DMA REOIJEST TO OCCUR. TALK/L 


i"P213 














CONDITION 


RECOGNIZED AND DMAC HAS BEEN S 


3 F2i4 














ACCORDINGLY. WAIT LOOP ALSO CHECKS FOR A 


0P215 














IN GPIA ADDRESS STATUS. 


0i"2is 














IF ADDRESSED DIFFERENTLY THAN IT WAS 


" ■? 2 1 7 










* 




WHEN WAIT 


LOOP ENTERHED AN El TRAP 


S P 2 1 9 














WILL RE PRODUCED, 


P 2 2 P 


















&?2?.Lfi 


D129 




EP12 


A 




LDA 


R2R 


LOAD GPIA ADD. STATUS 


f) 2 2 2 A 


01 2C 


Bl 


(IP 


A 




RITA 


IS80 


IS MA RIT SET 


0P223A 
00224 


01 2E 


27 


22 


D152 




BED 


OFF 


IF NO, GO TURN OFF DMAC 


0P225A 


D13R 


85 


?4 


A 




BITA 


1SP4 


IS LACS BIT SET 


00221A 


0132 


27 


11 


1145 




PEO 


TACBIT 


IF NO, GO TEST TACS 


0P227A 


D134 


BS 


D013 


A 




LDA 


PIAIMG 


IF YES, SEE IF LISTEN FLAG SET 


002 2PA 


D137 


«5 


P2 


A 




BITA 


IS02 


IS LISTEN FLAG SET 


PP. 2 29 A 


D139 




EF 


D129 




BNE 


WAIT 


IF YES, ALL IS '0K~ - CHECK R2 


PP23PA 


013H 


as 


00 


A 


TRAP! 


LDA 


SSPP 


IF NO, ALL IS NOT OK 


0P231A 


D13D 


B7 


EB54 


A 




STA 


PRICON 


TURN OFF DMAC 


0P232A 


0140 


8* 


El 


A 




LDA 


ISE1 


LOAD ACC A WITH TRAP CODE 
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00233A 


D142 


16 


009B 


D1E0 




LBRA 


TRAP 


GO TO TRAP ROUTINE 


00234A 


D145 


85 


08 


A 


TACBIT 


BITA 


#$08 


IS TAGS BIT SET 


00235A 


D147 


27 


E0 


D129 




BEQ 


WAIT 


IF NO, GO TEST ADDRESS STAT 


00236A 


D149 


B6 


D013 


A 




LDA 


PIAIMG 


IF YES, CHECK TALK 


00237A 


D14C 


05 


01 


A 




BITA 


IS01 


IS TALK FLAG SET 


00238A 


D14E 


26 


D9 


D129 




BMP 


WAIT 


IF YES, ALL * OK " 


00239A 


D150 


20 


E9 


D13B 




BRA 


TRAP1 


IF NO, GO SET El DISPLAY 


00240A 


D152 


86 


00 


A 


OFF 


LDA 


#$00 


TURN OFF DMAC 


00241A 


D154 


B7 


E054 


A 




STA 


PRICON 




00242A 


D157 


16 


FF1F 


D079 




LBRA 


MONIT 


CO TO MONITOR 


00243 


















00244 


















00245 


















00246 










*** INTERRUPT 


ROUTINE* 




00247 


















00248 


















00249 


















00250 










•CHECK 


FOR DMAC INTERRUPT 


00251 


















00252A 


D15A 


B6 


E050 


A 


IRQ 


LDA 


CHCON 


LOAD DMAC CONTROL REG 


002S3A 


D15D 


85 


80 


A 




BITA 


IS30 


IS IRQ FROM DMAC 


00254A 


D15F 


27 


8F 


D170 




BEQ 


GPIA 


IF NO, GO CHECK GPIA 


00255A 


D161 


85 


01 


A 




BITA 


#$01 


IS DMA IN TALK MODE 


00256A 


D163 


27 


07 


D16C 




BEQ 


TRAP2 


IF NO, GO TO TRAP2 


00257A 


D165 


86 


00 


A 




LDA 


#$00 


IF YES, 


0025BA 


D167 


B7 


£054 


A 




STA 


PRICON 


TURN OFF DMAC 


092S9A 


D16A 


20 


31 


D19D 




BRA 


TALAST 


GO SEND LAST BYTE 


00260A 


D16C 


86 


E2 


A 


TRAP 2 


LDA 


• SE2 


LOAD ACC A WITH TRAP2 CODE 


00261A 


D16E 


20 


70 


D1E0 




BRA 


TRAP 


GO TO TRAP ROUTINE 


002G2 . 


















00263 










•CHECK 


FOR GPIA INTERRUPT 


00264 


















00265A 


D170 


B6 


E060 


A 


GPIA 


LDA 


R0R 


GET GPIA IRQ STATUS 


00266A 


D173 


85 


80 


A 




BITA 


#S80 


IS IRQ FROM GPIA 


00267A 


D175 


27 


11 


D188 




BEQ 


TRAP3 


IF NO, GO TO TRAP3 ROUTINE 


00268A 


D177 


85 


04 


A 




BITA 


• $04 


IS CMD BIT SET 


00269A 


D179 


26 


11 


D18C 




BNE 


RLC 


IF YES , IS RLC SET 


00270A 


D178 


85 


02 


A 




BITA 


#$02 


IF NO, GO TO TRAP3 


0027 1A 


D17D 


27 


09 


D168 




8EQ 


TRAP3 


IF NO, GO TO TRAP 3 


00272A 


D17F 


85 


01 


A 


si 


RITA 


#S01 


IF END IS YES, IS BI 


00273A 


D181 


26 


2A 


D1AD 




BNE 


LI LAST 


IF YES, GET LAST BYTE 


00274A 


D183 


B6 


E060 


A 




LDA 


R0R 


IF NO, LOAD ROR 


B0275A 


D186 


20 


F7 


D17F 




BRA 


BI 


AND TEST BI AGAIN 


00276A 


diss 


86 


E3 


A 


TRAP3 


LDA 


l$E3 


LOAD ACC A WITH TRAPS CODE 


00277A 


D18A 


20 


54 


D1E0 




BRA 


TRAP 


GO TO TRAP ROUTINE 


00278A 


DISC 


B6 


E061 


A 


RLC 


LDA 


R1R 


GET GPIA COMMAND STATUS 


00279A 


D18F 


85 


08 


A 




BITA 


#$08 


IS RLC SET 


00280A 


D191 


27 


06 


D199 




BEQ 


TRAP 4 


IF NO, GO TO TRAP4 


00281A 


D193 


B!S 


40 


A 




BITA 


#$40 


IF YES, IS REM SET 


00282A 


D19S 


27 


3B 


D1D2 




BEQ 


REMOFF 


IF NO, TURN OFF REN LIGHT 


00283A 


D197 


20 


21 


D1BA 




BRA 


REMON 


IF YES, TURN ON REN LIGHT 


00284A 


D199 


86 


E4 


A 


TRAP4 


LDA 


#$E4 


LOAD ACC A WITH TRAP4 CODE 


00285A 


D19B 


20 


43 
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USING THE MC68000 AND THE MC6845 
FOR A COLOR GRAPHICS SYSTEM 



By 

David L. Ruhberg 
Microcomputer Systems Engineer 
Motorola Semiconductor 



Probably the slowest link in most computerized control 
systems is the display of information for human interpreta- 
tion. The commonly used black and white monitor can 
display an adequate amount of information in most cases. 

In applications where a large amount of information must 
be displayed in the same screen area, a color graphics system 
can easily provide this information by using a wide range of 
contrasting colors. Until recently the high cost of 
sophisticated components and color monitors required to 
generate and display color information has probably been 
the main prohibitive factor in development of these systems. 

Recently the cost of components and color monitors has 
moderated to the point that using a color graphics system of- 
fers a viable solution to information display, ranging from 
the video games market to complex control systems. 

A state-of-the-art color graphics system using the 
MC68000 16-bit microprocessor (MPU) with an economical 
MC6845 CRT controller (CRTC) is described in this applica- 
tion note. Hardware improvement is evident in data move- 
ment occurring in 16-bit words and multiply and divide com- 
mands while software compatibilities are greatly enhanced 



through the use of a processor that executes instructions 
which can operate on 8-, 16-, or 32-bit operands. 

The general approach to a color graphics system is 
straightforward and almost identical to a black and white 
graphics system. A typical black and white graphics system is 
shown in Figure 1 . The MPU has two responsibilities to the 
graphics system: first, to initially program the CRTC, and 
second, to transfer data to the display RAM. 

Once the clock circuitry is running, the CRTC is initialized 
and the address lines to the dislay RAM begin incrementing 
sequentially. As this occurs, the appropriate data from the 
display RAM is loaded into the shift register and then gated 
out serially by the dot clock input to the shift register. The 
display monitor then interprets the data as either turning a 
particular pixel on or off. 

A color graphics system (Figure 2) uses the same principle 
as the black and white system except that it has to control 
three color guns (red, green, and blue) instead of just one. 
Therefore, there is an increase in the amount of hardware in- 
volved, but not in complexity. The software becomes more 



396 



involved due to the fact that more information is being 
handled and displayed. The basic display system works on 
the principle that three bits (one for each color) controls each 
pixel instead of just one as in a black and white system. If 
two guns are on, the resulting color is a combination of the 
two. If all guns are on, white is the result. With this con- 
figuration a total of eight colors, including black and white, 
are available. Since the three bits needed to control a pixel do 
not fit into an eight-bit byte evenly, the unused bits could be 
used to obtain more colors or some other function. In addi- 
tion, color systems usually require a separate sync input. 



The versatility of the internal architecture of the MC68000 
(Figure 3) enhances the effectiveness of the color graphics 
system. Besides containing a 32-bit program counter yielding 
16 megabytes of direct addressing range, the MC68000 also 
contains eight 32-bit data registers (D0-D7) and seven 32-bit 
address registers (A0-A6). The eight data registers are used 
for byte (8-bit), word (16-bit), and long word (32-bit) data 
operations. The seven address registers and the stack pointer 
may be used for word and long word address operations. In 
addition, all address and data registers may be used as index 
registers. 
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Figure 1. Black and White Graphics System — Block Diagram 
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Figure 3. MC68000 Programming Model 



SYSTEM HARDWARE DESCRIPTION AND 
FEATURES 

This graphics system consists of two boards: a CPU board 
and a video board. The CPU board contains the processor, 
scratch-pad RAM, stack RAM, the program EPROM, and a 
terminal interface. The video board contains the CRTC, 
display RAM, multiplexers and buffers, parallel-to-serial 
shift registers, and the D/A drivers for the color display 
monitor. 

An MC68000 Design Module (MEX68000KDM) is used as 
the CPU board. The resources available on the MC68000 
Design Module allow more design time to be spent on the 
unique features of the system. The major portions of the 
system provided by the Design Module are the MPU 
(MC68000), the address decoding for the EPROM, a ter- 
minal interface, and all the software functions provided by 
the resident monitor (MACSbug). Included in the MACSbug 
is a transparent down-load feature which allows the system 
to communicate through the terminal to another system. The 
other system can provide the access to the floppy disks need- 



ed by this color graphics system for saving a full screen of 
data at a time. 

The video board (Figure 4) contains more of the unique 
hardware features of the color graphics system. The video 
board can be separated into seven areas: the clock circuit, 
CRT controller, the DTACK circuit, the bus multiplexers 
and buffers, the display RAM, the shift registers, and the 
D/A converter drivers. 

The clock circuit generates the Five timing signals used 
throughout the video board; they are: a dot clock, a CRTC 
clock, a 2X dot clock, a shift register load, and a $2 signal. 
The dot clock is used to drive the serial shift registers. The 
CRTC clock is used to drive the CRTC. The 2X dot clock 
and the shift register load are gated together to generate the 
parallel load (PLOAD) and chip select (PCS) signals for the 
shift registers and display RAM, respectively. The 4>2 signal 
is also used to control accesses to the display RAM. A timing 
diagram of these signals is shown in Figure 5. 
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Figure 4. Color Graphics System Schematic (Sheet 3 of 3) 




Figure 5. Clock Circuitry Timing Signals 



The MC6845 CRT controller (CRTC) is a programmable 
controller used to prepare the information in the display 
RAM for use by a video display monitor. The CRTC 
generates the signals required to provide data at the ap- 
propriate times. Since the length and period between these 
signals varies from system to system, the CRTC is designed 
to be programmed by an MPU. In this system the internal 
registers are accessible synchronously through hex ($) address 
locations S1FFFD and S1FFFF. After programming, the 
CRTC provides the addresses, horizontal and vertical sync 
signals, and the display enable signal to the display system. 
The addresses, out put by the CRTC in conjunction with the 
parallel chip select (PCS) signal, are responsible for the cor- 
rect data getting to the serial shift registers at the correct 
time. The horizontal and vertical sync signals, after being 
"exclusively ORed," generate the sync signal required by the 
color display monitor. The display enable (DE) signal is 
gated (U28) int o eith er the clock circuitry to inhibit the 
parallel load and PCS signals or is gated (ANDed at Ul 10, if 
a low represents black on the screen) with the data stream to 
keep the guns in the CRT off during vertical and horizontal 
retrace. In some cases, DE must be delayed due to specific re- 
quirements of the CRT being used. A one-shot on the output 
of the DE pin is usually more than adequate for providing 
the delay. 

The DTACK circuitry is used to r eturn an asynchronous 
data transfer acknowledge (DTACK) signal to the MC68000 
from a synchronous device (the display RAM). The <f>2 signal 
from the clock circuitry i n conjun ction with address lines 
A15 and A16 develop the DTACK response required by the 
MC68000. When the display RAM address is between 
$10000-$17FFF, the DTACK signal is returned in 400 



nanosecond increments from zero up to 1600 nanoseconds 
after the enabling signal goes out to the multiplexers. This 
time is s elected by the RAM speed switch, SI. Returning 
DTACK to the processor is the asynchronous access method 
by which the MC68000 can access external devices (RAM, 
ROM, and peripherals). This access method was chosen over 
the synchronous access method used to address the CRTC 
because it is faster and, since this is a highly repetitive opera- 
tion, any time saved here will be significant in the overall 
speed of the system. The synchronous access method is used 
to access the CRTC since the CRTC is only initialized once 
and this method uses fewer components. 

The multiplexers and buffers are used to feed the various 
control signals to the rest of the system. Multiplexers U10, 
Ull, and U12 determine which address bus will access the 
display RAM. When the control signal is high, the MC68000 
has access to the RAM and when low, the CRTC has access. 
Buffers U13, U14, and U15 are used to drive the large 
number of devices on the address bus. Data buffers U30-U37 
are used to isolate the four banks of RAM from each other. 
Buffers are also used for almost all the signals coming onto 
the video board. These board buffers interface with the 
modified EXORciser bus which the Design Module uses. 
This bus has only sixteen address lines coming from the 
Design Module, so address line A17 must be run separately 
to keep the display RAM from being accessed at the same 
time MACSbug or the controller program is accessed (ad- 
dresses $20000 and $22000). 

The display RAM is organized into four banks (red, green, 
blue, and luminance). However, the address lines are con- 
figured so that consecutive words are located in consecutive 
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banks of RAM. This was done to allow the programmer to 
visualize accessing one 16-bit wide bank at a time instead of 
accessing red, green, blue, and luminance banks all at the 
same time. The memories used are 4Kxl static RAMs 
(MCM2147) which simplify some of the chip select circuitry. 
Dynamic RAMs could be used and should definitely be con- 
sidered in a production system since they lower the hardware 
cost as well as power consumption. They were omitted in this 
application to simplify the system configuration. It should be 
noted that the CRTC keeps incrementing its address lines 
during horizontal and vertical retrace to keep the dynamic 
RAM refreshed. The speed of the static memories is not 
critical due to the presence of the speed selection switch ex- 
plained earlier. As far as the CRTC and the serial shift 
registers are concerned, the memory looks like one 
4Kx 64-bit bank of RAM. 

Shift registers U102-U109 consist of eight 8-bit, parallel- 
load, serial shift registers. They are configured to look like 
four 16-bit shift registers, one for each of the color guns and 
one for luminance. With the RAM and shift registers con- 
figured in this fashion, the RAM is accessed only 25 percent 
of the time. This means that the RAM has four times the 
amount of setup time and slower RAM can be used. The dot 
clock then clocks the data out to be gated with display 
enable. 

Conversion from digital to analog voltages in this system is 
needed because a luminance bit is used to obtain more colors 
than are possible with the three guns digitally. The luminance 
bit is used to indicate half luminance when set and full 
luminance when clear. When all guns are off, the screen is 
black and the state of the luminance bit has no effect. Since 
the color display monitor uses an analog input on each gun, 
any number of colors may be obtained if the supporting 
hardware is provided. The D/A conversion used in this 
system was done to save space. A cleaner method would be to 
use special D/A converters and special line drivers for this 
function. 



SOFTWARE DESCRIPTION AND CONSIDERATIONS 

The software included to exercise this system consists of 
five basic commands: 
CM — Clear Memory 
BX — Box Draw 
Q8 — Random Line 
ED — Edit 

BA) Provides the capability of saving (BA) a screen on 

SH) floppy disk and calling (SH) it back. 

The clear memory (CM) command clears the screen. The 
box drawing (BX) command draws continuously concentric 
boxes which close in on each other. This gives the effect of 
running up a hallway. The random line (Q8) drawing com- 
mand picks random points and connects them together until 
they form a multisided polygon and then it continues to 
repeat that shape, all the while collapsing in on itself and 
changing colors. A scaling function has been implemented to 
keep the figure occupying a major portion of the screen. The 
edit (ED) command allows the user to draw figures on the 
screen using the cursor controls on the terminal and allows a 
choice of colors. The BA command is used to store a screen 
full of data on floppy disk while the SH command is used to 
call it from the floppy disk and display it on the screen. 

Each of the routines which write to the display RAM use 
the basic data layout for every pixel on the screen. Each pixel 
is controlled by four bits. Each bit corresponds to either 
luminance, blue, green, or red, as shown in Figure 6. 
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Figure 6. Pixel Control Bit — Layout 

A memory map for this application is given in Figure 7. A 
listing of the software is given at the end of this application 
note. 

The resolution of the display in this application is 
256 x 256 pixels. The density could be doubled in both direc- 
tions to 512 x 512 by quadrupling the memory. This can be 
easily done if dynamic RAM is used since 4K x 1 and 16K x 1 
dynamic RAM can be arranged in the same basic configura- 
tions. As space was one of the design criteria in this applica- 
tion, some of the more straightforward approaches were not 
taken. 
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Figure 7. Memory Map 



Thanks to Don Voss of Motorola Microsystems for his 
suggestions on the hardware and his splendid job on the soft- 
ware. 
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940 


0000D6 


20 


DC.B $20 


950 


0000D7 


06 


DC.B $06 


960 


0000D8 


IF 


DC.B $1F 


970 


0000D9 


IF 


DC.B $1F 


980 


0000DA 


10 


DC.B $10 


990 


0000DB 


07 


DC.B 7 


1000 


0000DC 


00000000 


DC.L 


1010 


0000E0 


0000 


DC.W 


1020 






* 


1030 






* 


1040 


0000E2 


61000004 


SH BSR SHQ 


1050 


0000E6 


6094 


BRA RETURN 


1060 


0000E8 


4EB900021BC2 


SHQ JSR OUTPUT2 


1070 


0000EE 


227C0003FF21 


MOVE.L #$3FF21,A1 
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1080 


0000F4 


61000078 


SHI BSR INPUT 


1090 


0000F8 


0C00000D 


CMP.B #$0D,D0 


1100 


0000FC 


6708 


BEQ.S SH2 


1110 


0000FE 


0C0000FF 


CMP.B #$FF,D0 


1120 


000102 


66F0 


BNE SHI 


1130 


000104 


6040 


BRA.S SH3 


1140 


000106 


61000066 


SH2 BSR INPUT 


1150 


00010A 


0C00000A 


CMP.B #$0A,D0 


1160 


00010E 


67F6 


BEQ SH2 


1170 


000110 


0C000000 


CMP.B #0,D0 


1180 


000114 


67F0 


BEQ SH2 


1190 


000116 


0C0000FF 


CMP.B #$FF,D0 


1200 


00011A 


672A 


BEQ.S SH3 


1210 


00011C 


4EB900021F18 


JSR FIXBUF 


1220 


000122 


2CFC4552524F 


MOVE.L # * ERRO ' , (A6) + 


1230 


000128 


2CFC52203B43 


MOVE.L #'R ;C',(A6)+ 


1 240 


00012E 

w U C i ti u 


2CFC4845434B 


MOVF L *'HFCK' fA61+ 


1250 


000134 


2CFC2046494C 


MOVE L #' FIL'.(A6)+ 


1260 


00013A 


2CFC45202020 


MOVE . L # * E ' , (A6) + 


1270 


000140 


4EF9000200EE 


JMP MSG 


1280 


000146 


207C00010000 


SH3 MOVE.L #$10000, A0 


1290 


00014C 


103C0055 


MOVE.B #$55, D0 


1300 


000150 


6100002A 


BSR OUTPUT 


1310 


000154 


61000018 


SH4 BSR INPUT 


1320 


000158 


1200 


MOVE . B D0,D1 


1330 


00015A 


61000012 


BSR INPUT 


1340 


00015E 


E140 


ASL 8,D0 


1350 


000160 


1001 


MOVE.B D1,D0 


1360 


000162 

XJ LJ V _1_ KJ ^ 


30C0 


MOVF W D0 1 A0 \ + 


1370 


000164 


B1FC00017F80 


CMP.L #$17F80.A0 


1380 


00016A 


66E8 


BNE SH4 


1390 


00016C 


4E75 


RTS 


1400 


00016E 


1011 


INPUT MOVE.B (Al) ,D0 


1410 


000170 


02000001 


AND . B #1,D0 


1420 


000174 


67F8 


BEO INPUT 

LJ LJ -L L* L \J ± 


1430 


000176 


10290002 


MOVE.B 2 (Al) ,D0 


1440 


00017A 


4E75 


RTS 


1450 


00017C 


1E11 


OUTPUT MOVE B (AD.D7 

\J* \J X L \J X 11 V/ V LJ 9 LJ ^ n -L- J f L-/ f 


1460 


00017E 


02070002 


AND . B #2,D7 


1470 


000182 


67F8 


BEQ OUTPUT 


1480 


000 1 84 


1 3 4 00 7 


MDVF R DPI 9 1 A 1 ^ 


1490 


000188 


4E75 


RTS 


1500 


00018A 


4240 


BX CLR D0 


1510 


000 18C 


3 200 


mdvf n0 m 


1520 


00018E 


3400 


MOVE D0,D2 


1530 


000190 


363C003F 


BX3 MOVE #$3F,D3 


1 540 


000194 


207C00010000 


MOVE L #$10000 A0 


1550 


00019A 


61000016 


BX1 BSR SHOW 


1560 


00019E 


5543 


SUB #2,D3 


1570 


0001A0 


6A0 2 


BPL.S BX2 


1580 


0001A2 


60EC 


BRA BX3 


1590 


0001A4 


5240 


BX2 ADD #1,D0 


1600 


0001A6 


5241 


ADD #1,D1 


1610 


0001A8 


5242 


ADD #1,D2 


1620 


0001AA 


D1FC00000202 


ADD . L #514, A0 
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1630 


0001B0 


60E8 


1640 


0001B2 


3803 


1650 


0001B4 


30C0 





0001B6 


5344 





0001B8 


66FA 


1670 


0001BA 


3080 


1680 


0001BC 


3803 


1690 


0001BE 


E544 


1700 


0001C0 


D1FC00000080 


1710 


0001C6 


3081 





0001C8 


5344 





0001CA 


66F4 


1730 


0001CC 


3803 


1740 


0001CE 


3080 


1750 


0001D0 


3100 





0001D2 


5344 





0001D4 


66FA 


1770 


0001D6 


3803 


1780 


0001D8 


E544 


1790 


0001DA 


91FC00000080 


1800 


0001E0 


3082 





0001E2 


5344 





0001E4 


66F4 


1820 


0001E6 


4E75 


1830 






1840 






1850 






1860 


0001E8 


11FC00801000 


1870 


0001EE 


11FC00801001 


1880 


0001F4 


11FC00001011 


1890 


0001FA 


6100014E 


1900 


0001FE 


61000004 


1910 


000202 


60F6 


1920 


000204 


61000230 


1930 


000208 


0C010020 


1940 


00020C 


6A48 


1950 


00020E 


0C01000B 


1960 


000212 


673C 


1970 


000214 


0C01000A 


1980 


000218 


673E 


1990 


00021A 


0C01000C 


2000 


00021E 


673E 


2010 


000220 


0C010008 


2020 


000224 


673E 


2030 


000226 


0C010001 


2040 


00022A 


673E 


2050 


00022C 


0C010003 


2060 


000230 


6756 


2070 


000232 


0C010004 


2080 


000236 


6738 


2090 


000238 


0C01000D 


2100 


00023C 


673E 


2110 


00023E 


0C010005 


2120 


000242 


6732 


2130 


000244 


0C010011 



BRA BX1 
SHOW MOVE D3,D4 
BX11 MOVE D0, (A0)+ 

SUB #1,D4 

BNE BX11 

MOVE D0, (A0) 

MOVE D3,D4 

ASL 2,D4 
BX22 ADD . L #128, A0 

MOVE Dl, (A0) 

SUB #1,D4 

BNE BX22 

MOVE D3,D4 

MOVE D0, (A0) 
BX33 MOVE D0,-(A0) 

SUB #1,D4 

BNE BX33 

MOVE D3,D4 

ASL 2,D4 
BX44 SUB.L #128, A0 

MOVE D2, (A0) 

SUB #1,D4 

BNE BX44 

RTS 



ED MOVE.B #$80, XI 

MOVE.B #$80, Yl 

MOVE.B #0,NCOLOR 
EDI BSR BLINK 

BSR CMD 

BRA EDI 
CMD BSR READK 

CMP.B #$20, Dl 

BPL.S RTS 

CMP.B #$B,D1 

BEQ.S UPARROW 

CMP.B #$A,D1 

BEQ.S DWARROW 

CMP.B #$C,D1 

BEQ.S RTARROW 

CMP.B #$8,D1 

BEQ.S LTARROW 

CMP.B #$1,D1 

BEQ.S CMD1 CHARMODE 

CMP.B #$3,D1 

BEQ.S CMD 2 NCOLOR 

CMP.B #$4,D1 

BEQ.S CMD3 

CMP.B #$0D,D1 

BEQ.S CR 

CMP.B #$5,D1 

BEQ.S CMD 4 

CMP.B #$11, Dl 

m 
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2140 


000248 


660A 


BNE.S RTS1 


2150 


00024A 

Iff Iff Iff Z ■* 




Ann r && A7 


2160 


00 ?4C 

f U f t. T >J 




RRA RFT11R1M 


2170 


000250 


53381001 


UPARROW SUB.B il.Yl 


5 180 


iy w iy £ j 4 


4 741 


IMOl ^ Li r\ JJJ. 


2190 


000256 


4E75 


RTS RTS 


2200 


000258 


52381001 


DWARROW ADD . B #1,Y1 


2210 


00025C 

JJ XJ XJ t-. ~J ^ 


60F6 


BRA RTS1 


2220 


00025E 


52381000 


RTARR0W ADD . B # 1 , X 1 


2230 


000262 


60F0 


BRA RTS1 


2240 


oioioiofi/l 

O f 1/ Z.U 4 




TTARROW <?MR R 41 XI 


2 250 


0)01 01 9fi « 
iy f io z u o 


60EA 


RRA RT91 


2260 


00026A 


588F 


CMni Ann l *4 A7 

Va> I 1 U A. IX LJ LJ • Jj TT " / 4i / 


2 270 


oi pi oj 9fir 




RRA PHARPn 


£. £. O v 


PiPJOj 97ffl 

Iff KJ Z 1 XJ 




PMni Ann r ft 4 a 7 




OJPJOJ 97 9 

kj Iff Iff Z / Z 


01 01 01 01 1 AH 


RRA nOT 

Dnn Lv VJ i 


*? "J. 01 01 


(5101 01 97 £ 
Iff Iff w z / O 


DO o r 


L.!*iiJ4 AJJJJ • L ft4|.A/ 


9 ~\ 1 01 

^ J J- VJ 


0(0101 97fl 
Iff Iff iff Z / o 


C pi 0) 01 PPR 01 


RRA pm 


2 320 


00027C 

W u u t, / ^— - 


SF 3 8 1 1 


pr Ann R ft 7 Yl 




01 01 01 9 P. 0! 

10 Iff 10 Z O 10 


l l pr oi oi oi os i oi oi oi 
j.j.rv^ioioioioxiffioio 


Mn\/p n A oi v l 

P1U VCi .B ft 10 f A 1 


? "?4 0] 


OJ0| 0] 9ft 
f t> tff z o u 




RRA RT^l 


2 350 


000288 

U U ^ u u 


610001AC 


CMD2 BSR READK 


2360 


Iff Iff Iff Z O V* 


?fi7rPiP!0Pi i pit i 

z *j / ^iiiiyi/fiuii 


movf r ftNrnr or at 


2370 


000292 

XJ XJ XJ ^ 


0C 10 52 

XJ \— XJ 1 f W J i. 


CMP B # ' r 1 m 


2380 


000296 

t/ 1/ i- y 


6758 


BEO S REn 


2390 


00 ?9R 

Iff Iff Iff Z .7 O 


PICO) l pi o|47 


CMP R 4 ' c * n 1 


2400 


10 10 Iff Z .7 


D 1 JO 


RFC) CRFFM 


2410 


00029E 

L 1 u t/ i. y L 


0C0 10042 


CMP B 4 ' B ' ni 

V— 1*1 1 t D ft O f LJ JL 


9 4 O 01 
z 4 z to 


01 01 01 9 a 9 
Iff 10 10 zAz 


O / DO 


Don o C3TI1IT 


9 4 ^ PJ 
Z *± J 10 


01 01 01 9 a 4 
10 10 10 Zrtfl 


dr*oi i oi oi ^ 7 

10k, Iff ± 10 10 D / 


Lrlr.d ft Vi r Jl 


2440 


01 ot pj 9 AP> 

Iff K/ IO Z /A O 


fi7 Rft 


DDy i D Mil 1 1 Lj 


9 4 R 01 

Z H D Y) 


0101 01 9 a A 

10 10 10 Zr\rt 


PIP01 1 01 01 R A 
10 <0 J. 10 10 D A 


K^rltr • D ft £ r U i. 


9 4fi 


0101 01 9 a F 

10 iff xj z/AEj 


67 -^ft 

U / JO 


Rpn c rt apif 


2470 


K/ fc" f Z> l-J t/ 


0C 1 


CMP R ft 1 Y 1 m 

V_ 1 1 i » LJ ft X J LJ X. 


9 4 ft 01 


0101 01 9R4 

10 10 10 ZD 4 


£7 c; q 


opn c vpr r r\\ij 


2 490 


000 ?R6 

XJ XJ XJ £m LJ \J 


0C0 1 04D 

XJ V.. II 1 D U ML/ 


PMP R ft 1 M 1 m 

V— 1 1 L • U ft 1*1 f U JL 


2500 


0002BA 


6758 


BEO.S MAG 


2 510 


00 ?RC 


OlCfl 1 01PI4T 


CMP R 4 ' c ' m 


2 520 


0002C0 

XJ XJ XJ £.\*XJ 


67 58 


BFO <; CYAN 


2530 


0002C2 

u 1/ v A— w t-. 


0C010054 


CMP B 4 ' T 1 .Dl 


9 ^4 PJ 


CI oi oi ocfi 


D / 


rph q nDpn 


2 550 


000?rs 

XJ HJ xJ Z O 


dec* i oipi4« 


pmp r ft 1 h 1 m 

1 11 • D ft n f LJ X 


2 56 


000?rr 

l' C f i. 


6758 


Rpn ^ nC5R 


9 R7 01 


oi oi oi 9r* p 

10 10 10 zL-Lj 


oi r* oi i oi oi 4 t? 

10 KJ X 10 iff *1 D 


pun n i Im I ni 
L-rlf • D ft IN •JJ1 


9 01 
Z D O 10 


01 01 0! 9 n9 
Id) 10 10 z Uz 


D / jo 


qpa o nor he< 


? Pi 

£. ~JV xj 


01 01 01 9n4 

10 IO Iff Z LJ** 


P1P0I 1 01 01 4 ^ 

B^lff±tfflff*ij 


pmp r ft 1 p 1 m 

k-.rif»D ft Lj f lJ -X 


O C fll 01 
z O W 


13 Iff Iff z JJo 


b / bo 


ofcQ.S DWH 


9 £ 1 01 


oi oi oi 9 na 

10 Iff W z Urt 


(ffL.10 1 W W D D 


pun r Aliil ni 
L-Mlr • d ft U , JJ 1 


2620 


0002DE 


6758 


BEQ.S DYEL 


2630 


0002E0 


0C01002C 


CMP.B # • f 1 ,D1 


2640 


0002E4 


6758 


BEQ.S DM AG 


2650 


00 2E6 


0C010056 


CMP.B t'V ,D1 


2660 


0002EA 


6758 


BEQ.S DCYAN 


2670 


0002EC 


4241 


RTS 2 CLR Dl 


2680 


0002EE 


4E75 


RTS 
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2690 


0002F0 


16BC0009 


RED MOVE.B #$9, (A3) 


2700 


00 02F4 


60F6 


BRA RTS2 


2710 


0002F6 


16BC000A 


GREEN MOVE.B #$A, (A3) 


2720 


0002FA 


60F0 


BRA RTS2 


2730 


0002FC 


16BC000C 


BLUE MOVE.B #$C, (A3) 


2740 


000300 


60EA 


BRA RTS2 


2750 


000302 


16BC000F 


WHITE MOVE.B #$F,(A3) 


2760 


000306 


60E4 


BRA RTS2 


2770 


000308 


16BC0000 


BLACK MOVE.B #0, (A3) 


2780 


00030C 


60DE 


BRA RTS2 


2790 


00030E 


16BC000B 


YELLOW MOVE.B #$B, (A3) 


2800 


000312 


60D8 


BRA RTS2 


2810 


000314 


16BC000D 


MAG MOVE.B #$D, (A3) 


2820 


000318 


60D2 


BRA RTS2 


2830 


00031A 


16BC000E 


CYAN MOVE.B #$E, (A3) 


2840 


00031E 


60CC 


BRA RTS2 


2850 


000320 


16BC0001 


DRED MOVE.B #1,(A3) 


2860 


000324 


60C6 


BRA RTS2 


2870 


000326 


16BC0002 


DGR MOVE.B #2, (A3) 


2880 


00032A 


60C0 


BRA RTS2 


2890 


00032C 


16BC0004 


DBLUE MOVE.B #4, (A3) 


2900 


000330 


60BA 


BRA RTS2 


2910 


000332 

*J tj \J —J —J *— 


16BC0007 


DWH MOVE.B #7, (A3) 


2920 


000336 


60B4 


BRA RTS2 


2930 


000338 


16BC0003 


DYEL MOVE.B #3, (A3) 


2940 


00033C 


60AE 


BRA RTS2 


2950 


00033E 


16BC0005 


DMAG MOVE.B #5, (A3) 


2960 


000342 


60A8 


BRA RTS2 


2970 


000344 


16BC0006 


DCYAN MOVE.B #6, (A3) 


2980 


000348 


60A2 


BRA RTS2 


2990 






* 


3000 


00034A 


12381000 


BLINK MOVE.B XI, Dl 


3010 


00034E 


14381001 


MOVE.B Y1,D2 


3020 


000352 


61000226 


BSR GETADD 


3030 


000356 


4643 


NOT D3 


3040 


000358 


0C03000F 


BL2 CMP.B #$F,D3 


3050 


00035C 


6706 


BEQ.S BL1 


3060 


00035E 


E84B 


LSR 4,D3 


3070 


000360 


E849 


LSR 4,D1 


3080 


000362 


60F4 


BRA BL2 


3090 


000364 


11C11012 


BL1 MOVE.B Dl,OCOLOR 


3100 


000368 


103C000F 


BL3 MOVE.B #$F,D0 


3110 


00036C 


12381000 


MOVE.B XI, Dl 


3120 


000370 


14381001 


MOVE.B Y1,D2 


3130 


000374 


610001DE 


BSR DSP 


3140 


000378 


610000D0 


BSR DLY 


3150 


00037C 


4200 


CLR.B D0 


3160 


00037E 


610001D4 


BSR DSP 


3170 


000382 


610000C6 


BSR DLY 


3180 


000386 


10381012 


MOVE.B OCOLOR,D0 


3190 


00038A 


610001C8 


BSR DSP 


3200 


00038E 


610000BA 


BSR DLY 


3210 


000392 


10390003FF01 


MOVE.B $3FF01,D0 


3220 


000398 


02000001 


AND . B #1,D0 


3230 


00039C 


67CA 


BEQ BL3 
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3240 


00039E 


4E75 


RTS 


3250 






* 


3260 


0003A0 


31F810001002 


CHARED MOVE XI, X2 


3270 


0003A6 


61A2 


BSR BLINK 


3280 


0003A8 


6100FE5A 


BSR CMD 


3290 


0003AC 


4A01 


TST.B Dl 


3300 


0003AE 


67F0 


BEQ CHARED 


3310 


0003B0 


61000004 


BSR CHAR 


3320 


0003B4 


60EA 


BRA CHARED 


3330 


0003B6 


04010020 


CHAR SUB.B #$20, Dl 


3340 


0003BA 


E741 


ASL 3,D1 


3350 


0003BC 


267C00001100 


MOVE.L #TABLECH , A3 


3360 


0003C2 


0281000003FF 


AND . L #$3FF,D1 


3370 


0003C8 


D7C1 


ADD . L D1,A3 


3380 


0003CA 


3C3C0004 


MOVE #4,D6 


3390 


0003CE 


4245 


CHARED1 CLR D5 


3400 


0003D0 


0B13 


CHARED? BTST D5.(A3) 


3410 


0003D2 


6636 


BNE.S SET 


3420 


0003D4 


52381002 


CHARED3 ADD . B #1,X2 


3430 


00 3D8 


5245 


add fti D5 

nut/ tr A. j \J J 


3440 


0003DA 


0C450010 


CMP #16, D5 


3450 


0003DE 


6618 


BNE.S CHARED4 


3460 


0003E0 


52381003 


ADD .B # 1 , Y2 


3470 


0003E4 


11F810001002 


MOVE.B XI, X2 


3480 


0003EA 


D7F80002 


ADD . L $2, A3 





0003EE 


5346 


SUB #1,D6 





0003F0 


66DC 


BNE CHARED1 


3500 


0003F2 


50381000 


ADD . B #8, XI 


3510 


0003F6 


4E75 


RTS 


3520 


0003F8 


0C450008 


CHARED4 CMP #8,D5 


3530 


0003FC 


66D2 


BNE CHARED2 


3540 


0003FE 


52381003 


ADD . B #1,Y2 


3550 


000402 


11F810001002 


MOVE.B XI, X2 


3560 


000408 


60C6 


BRA CHARED2 


3570 


00040A 


10381011 


SET MOVE.B NCOLOR,D0 


3580 


00040E 


12381002 


MOVE.B X2,D1 


3590 


000412 


14381003 


MOVE.B Y2,D2 


3600 


000416 


6100013C 


BSR DSP 


3610 


00041A 


60B8 


BRA CHARED3 


3620 






* 


3630 


00041C 


10381011 


DOT MOVE.B NCOLOR,D0 


3640 


000420 


12381000 


MOVE.B XI, Dl 


3650 


000424 


14381001 


MOVE.B Y1,D2 


3660 


000428 


6100012A 


BSR DSP 


3670 


00042C 


6100FF1C 


BSR BLINK 


3680 


000430 


6100FDD2 


BSR CMD 


3690 


000434 


60E6 


BRA DOT 


3700 






* 


3710 


000436 


12390003FF01 


READK MOVE.B $3FF01,D1 


3720 


00043C 


02010001 


AND . B #1,D1 


3730 


000440 


67F4 


BEQ READK 


3740 


000442 


12390003FF03 


MOVE.B $3FF03,D1 


3750 


000448 


4E75 


RTS 


3760 


00044A 


3C3C00FF 


DLY MOVE #$00FF,D6 


3770 


00044E 


5346 


DLY1 SUB #1,D6 
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3780 


000450 


66FC 


BNE DLY1 


3790 


000452 


4E75 


RTS 


3800 






* 


3810 






* 


3820 






* 


3830 


000454 


207C00010000 


BA MOVE.L #$10000, A0 


3840 


00045A 


227C0003FF23 


MOVE.L #$3FF23,A1 


3850 


000460 


247C0003FF21 


MOVE.L #$3FF21,A2 


3860 


000466 


1212 


LI MOVE.B (A2) ,D1 


3870 


000468 


02010002 


AND . B #$2,D1 


3880 


00046C 


67F8 


BEQ LI 


3890 


00046E 


103C0065 


MOVE.B #$65, D0 


3900 


000472 


1280 


MOVE.B D0, (Al) 


3910 


000474 


1212 


LOOP MOVE.B (A2) ,D1 


3920 


000476 


02010002 


AND . B #$2,D1 


3930 


00047A 


67F8 


BEQ LOOP 


3940 


00047C 


3018 


MOVE (A0)+,D0 


3950 


00047E 


1280 


MOVE.B D0, (Al) 


3960 


000480 


E048 


LSR 8,D0 


3970 


000482 


1212 


L2 MOVE.B (A2) ,D1 


3980 


000484 


02010002 


AND . B #$2,D1 


3990 


000488 


67F8 


BEQ L2 


4000 


00048A 


1280 


MOVE.B D0, (Al) 


4010 


00048C 


B1FC00018000 


CMP.L #$18000, A0 


4020 


000492 


66E0 


BNE LOOP 


4030 


000494 


6000FBE6 


BRA RETURN 


4040 






* 


4050 






* 


4060 






* 


4070 


000498 


2C7C000225AC 


Ql MOVE.L #$225AC,A6 


4080 


00049E 


3E3C0010 


MOVE #$10, D7 


4090 


0004A2 


602E 


BRA.S RUN 


4100 


0004A4 


2C7C000225BE 


Q2 MOVE.L #$225BE,A6 


4110 


0004AA 


3E3C0010 


MOVE #$10, D7 


4120 


0004AE 


6022 


BRA.S RUN 


4130 


0004B0 


2C7C000225D0 


Q3 MOVE.L #$225D0,A6 


4140 


0004B6 


3E3C0010 


MOVE #$10, D7 


4150 


0004BA 


6016 


BRA.S RUN 


4160 


0004BC 


2C7C000225E2 


Q4 MOVE.L #$225E2,A6 


4170 


0004C2 


3E3C0010 


MOVE #$10, D7 


4180 


0004C6 


600A 


BRA.S RUN 


4190 


0004C8 


2C7C000225F4 


Q5 MOVE.L #$225F4,A6 


4200 


0004CE 


3E3C0010 


MOVE #$10, D7 


4210 


0004D2 


61000006 


RUN BSR RUN1 


4220 


0004D6 


6000FBA4 


BRA RETURN 


4230 






* 


4240 






* 


4250 






* 


4260 


0004DA 


3C3C0080 


RUN1 MOVE #128, D6 


4270 


0004DE 


61000034 


BSR RAND 


4280 


0004E2 


4E96 


RUN 2 JSR (A6) 


4290 


0004E4 


48E76000 


MOVEM.L D1/D2,-(A7) 


4300 


0004E8 


0241007F 


AND #$7F,D1 


4310 


0004EC 


0242007F 


AND #$7F,D2 


4320 


0004F0 


61000068 


BSR DSPLY 
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4330 


0004F4 


4401 


NFfi R m 

IN d O • D U J. 


4 T.& 


PIPIPI4R£ 
10 v t> H r D 


SI PI PI 0£ 9 

OjLIOlOiOIODZ 


DC D nCDT V 


4 350 


0004FA 


4402 


MP(7 D D9 


4360 


0004FC 


6100005C 


BSR DSPLY 




(A 0\ 0\ ^ Qi 0\ 


44 PI 1 

"* *i 10 X 


mpp d ni 


4 ?RPI 


t) YJ YJ D YJ Z 


£1 


RCD nCDT V 
DDK UorLl 


4390 


000506 


4CDF0006 


movfm r m /n9 


D 




4fi 


cmr #1 nfi 





00050C 


66D4 


BNE RUN2 





000 50E 

u u j iy i_j 


5347 


SUB #1 D7 


V 


pi pi pi R 1 pi 

EJ 10 10 _> J. 10 


DDLo 


RM P D|?M 1 


4 4 9 01 

*i *i ^ K/ 


PI PI PI R 1 9 


4F7 




4430 






* 


4 44 PI 








4 450 






* 


4460 


000514 


61 0000 1 r 


RAND R^R RAND1 

rvrtLN u Don i\nlN u l 


4 47 01 

4 1 / 10 


01 01 ^ 1 A 
10 10 10 D X o 


T 9 PI PI 
J Z 10 10 


PIU V Ej UK) f U X 


4 48 


00051A 


61 0000 1 fi 




4490 


000 S 1 F 

f )y f J l u 


3400 


movf n0 n9 

nu v d uyj f u £, 


4 R0 


01 01 01 R 9 01 
if f if j z w 


CI 01010)011 Oi 


RAMH9 RCD PAMH1 


4 510 


000 5 24 


9 00 0F 


AMD R 4$P D0 


4 520 


000S?ft 

W W 1/ J 6 U 


67F6 


Rpn RAMH9 


4 530 


00059A 


Pi r* pi 01 0i 01 01 ft 


PMP R A^01ft H01 
1 li • D ftplOOfi-'IO 


4 R4 


10 10 10 J Z Ei 


£7 P 01 

d / r io 


DEjI^ KANuZ 


4 550 


000 S "*0 

f sy w j j iy 


4E7 5 


mo 


4 ^fi PI 

4 JO W 


01 01 01 m 9 
10 10 10 D j Z 


IGt^ftlOllO 


KAN1JX MUVtj.D KAlMAUJJ+X, 


4 R7 PI 

4 J / D 


0101 01^ ^fi 
10 10 10 _> J D 


pcffl oi 
Ej D 10 10 


act d 9 not 

no Lt • D Z f iJ YJ 


4 58 PI 

** J O IO 


000 R "*ft 
u W W J J O 


n0i ift i en ft 

L/t) JO 1U IO 


Ann r RAMAnn noi 


1 rnn 

4 59 


000 53C 


E140 


ASL 8,D0 


4 600 


000 5 3E 


10381019 


M0VE.B RANADD+1,D0 


*4 D 1 Y> 


131 01 0\ Q /! O 
10 YJ \0 34 Z 


C» D 4 10 


AbL Z fUYJ 


A c o n 
4 bZlO 


ft ni m c a a 

YJYJYJDHH 


nflno i fill o 
UVJ / o 1 lo 


ADD KANADD,D0 


4 7 PI 

H D O 10 


10 10 10 D fx O 


too ft 10 j o x y 


ann i q noi 
ADD ff93DXy f DW 


4 fi40l 

4 U4H 


01 01 01 

v YJ YJ D H \* 


^ 1 P0i 1 011 ft 
J Xk> 10 X 10 X Q 


moa/p noi DAMAnn 

rlUVD UYJ r KAIN ADD 


4 bb 


(X ft fX c C fX 

000550 


E048 


LSR 8,D0 


4 bo 13 


fx fx fx c c o 


4E / S 


RTS 


4 fi7 PI 






* 


4 fifi PI 

4UOO 
















4 "7 PI CI 
*± / 10 10 






*nCDTV/P V VI 


4 7 1 CI 

4 / i. lo 






" IJ lo — LULUH 


4 790 








4730 






* n9=Y 8— RTT 1 ? 


474PI 








4750 


000554 

YJ YJ YJ J J *i 


4ft P7 P01ft 


nop movpm r noi— m/A0i — 

UOr l'JU VEi'*l» Li UYJ LJ J / rtIO ^ 


4760 


000558 

t; t/ t/ J J U 


600C 


RRA Q nQPl 


4770 






it 


4780 


00055A 


48E7F080 


DSPLY MOVFM L D0— D^/A0 


4790 


00055E 


06010080 


ADD .B #128, Dl 


4800 


000562 


06020080 


ADD.B #128, D2 


4810 


000566 


0240000F 


DSP1 AND #$F,D0 


4820 


00056A 


6100000E 


BSR GETADD 


4830 


00056E 


C243 


AND D3,D1 


4840 


000570 


8041 


OR D1,D0 


4850 


000572 


3080 


MOVE D0, (A0) 
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4860 


000574 


4CDF010F 


MOVEM.L (A7) +,D0-D3/A0 


A R7 CI 

*i O / YJ 


PI CI CI R 7 fl 

YJ YJ YJ D 1 O 




RTS 


4 88 


00 57 A 

XJ XJ XJ ^J 1 


024100FF 


GETADD AND #$FF.D1 


4890 


00057E 

xj xj xj ^ i j_i 


363CFFF0 


MOVE #$FFF0,D3 


A QCI PI 

H 3YJ YJ 


a si ci RR o 


V\ AO 


act q n? 


4 3 ID 


PI CI 01^84 
io ki k/ j o ** 


u ^ *» ^ 


Ann n2 m 

AND L iSFFFF.Dl 

ill.' 17 V L i. L 1. ^ LJ X 


4 920 


000586 


028 1 0000FFFF 


4 Q7P1 


pf Pi pi sfir 


^4 Pi 1 


MnvF m n2 


4 940 


PJPJPJSfiF 

K/ IW £/ J O Lj 


E4 49 


LSR 2 D1 


4 950 


pi pi pi RQ PI 

u «y w J y u 


E341 


AST 1 Dl 




01 01 01 R Q 
10 10 Y) D y Z 


90l7r*010l0ll PlPIPIPi 
Z10 / ^IOIOWXIOIOIOkJ 


Mnvp r Ik R 1 1 pi Pi 01 Pi APi 




PI PI Pf SQft 
YjxjYJOu\j 




ADD T Dl A0 


4 Qft. Pi 

4 7 O u 


o\ pi pi a 


01 7 A ? 01 VI 01 1 

YJ^. L ic,YJYJYJj 


AMD D9 


4 Q Q 01 


01 01 01 R Q F 
10 YJ YJ D ^ Cj 


£7 01 P 
O / W 


orn c no d r VI 


R 0101 01 
3 10 |£J 10 


01 01 oi r a 01 

!0 id/ 10 J A10 


PQ A 01 
Cj 7 *» W 


ncDrvo acr 4 noi 

UOrL»IZ AO Li ^ifUYJ 


J KJ J. YJ 


010! (7 c; AO 


RQ RR 


ROT 4 D7 


01 

yj 


0i 0i 01 R a ^ 
WWW DA4 


C O /I 


cur #1 no 
olio ff J- / L>z 


01 
YJ 


01 01 01 R A £ 
10 W 10 DAD 


DDrO 


dm p nc d r V 


r 01 7 01 


01 01 01 R A ft 
YJYJYJ b AO 


"3 1 01 


ncDf vi Mnvp /A0l^ m 

UbrLX 1 nUVfi ^AW^ /Ul 


b W4 W 


n ri ,T( r A A 

WWW b A A 


>1 177 R 




R 01 R 01 

YJ D W 






* 


5 060 






* 


R 017 01 

J 10 / 10 


01 01 01 R AP 
10 10 10 D r\\^ 


7 A 01 1 
J D 10 J. 


ptiiti mhvp m n7 

Cj^U 1 rl\J V Ei Ul f Uj 


R Pf ft Pi 

3 10 O Y) 


01 01 01 R 

10 10 10 _> AEj 


7ft Pi 7 

JO K/Z 


MHVP no n4 

I'lLI Vti U Z / U *s 


5090 


0005B0 


4883 


EXT D3 


5100 


Pi Pi SR9 

K/ XJ U %J U £~ 


488 4 


EXT D4 


5110 


0005B4 


E64B 


LSR 3,D3 


5120 


0005B6 


E64C 


LSR 3,D4 


^ 1 7 Pi 


a a a r d p 

10 10 10 D D O 


Q4 Pi 7 
:7 *± W J 


QtiR r n7 no 


5 1 4 01 

j i *± w 


0t 0i pm r a 

10 10 10 J DA 


Q 7Pi 4 
y Z W 4 


cmr r n4 m 


R 1 R 01 


0101 01 R RP 

YJ XJ YJ D Dt 


4 J?7 R 


Kl O 


516 






it 


R 1 7 01 
J 1 / 13 


01 01 01 R R F 
Yj yj yj DEj 


7 £ 01 


pniT9 Mn*\/i7 no m 


R 1 ft 01 
b ±0 W 


o\ 01 oi R c 01 

VYJxOD^YJ 


4oo o 


t? v i 1 no 


5190 


0005C2 


E64B 


LSR 3,D3 


5 200 


000 5C4 


9203 


SUB.B D3 f Dl 


R 9 1 PI 

J Z 1 10 


01 01 01 cirfi 

10 W 10 D D 


7 ft 0i i 


rlUVEi UXfL/H 


b zz W 


fi( 01 c r> o 
WWW jLo 


AO Q A 


EjA 1 JJ4 


5230 


PI PI PI SPA 

YJ YJ YJ J^n 


Pfi 4P 

Ei D *a ^ 


r or 7 n4 




pf pictRrr 

t/ 10 10 D 


n4 Pi 4 

JJ*i 10 *» 


Ann r n4 no 

AUU • D U*l|iJJZ 


R R nt 


01 01 01 R OP 

w w w bit 


yl C7 R 

4 h / b 


nrpc 


R 0£ (A 








5 9701 

~J £. / YJ 








S 9ft 
_> Z. O tJ 


pi pi pi r nPi 

ty iu 10 j U 10 


7fi PI 9 


FfiIT7 no n7 


R 9Q 01 

j Z :7 10 


Pi 01 01 R no 

10 10 YJ D UZ 


4 ft ft 7 


pvf r\7 
E* A I UJ 


5 300 


01 01 01 RD4 

YJ YJ YJ J LJ'-l 


F 94R 


r op l n 7 

LOn _L / LJ j 




01 01 01 r nc 

yjyjyjj UD 


r» o /n o 
iJz W o 


Ann D T"\0 T~\ 1 

ADD • d U j ,D1 


S 790 


Pi PI Pi R nft 

YJ YJ YJ D LJO 


7ft PI 1 


Mnup ni T\A 


5330 


0005DA 


4884 


EXT D4 


5340 


0005DC 


E2 4C 


LSR 1,D4 


5350 


0005DE 


9404 


SUB.B D4,D2 


5360 


0005E0 


4E75 


RTS 


5370 






* 


5380 


0005E2 


3602 


EQU4 MOVE D2,D3 


5390 


0005E4 


4883 


EXT D3 
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5400 


0005E6 


E64B 


5410 


0005E8 


9203 


5420 


0005EA 


3801 


5430 


0005EC 


4884 


5440 


0005EE 


E64C 


5450 


0005F0 


9404 


5460 


0005F2 


4E75 


5470 






5480 


0005F4 


3602 


5490 


0005F6 


4883 


5500 


0005F8 


E24B 


5510 


0005FA 


9203 


5520 


0005FC 


3801 


5530 


0005FE 


4884 


5540 


000600 


E44C 


5550 


000602 


D404 


5560 


000604 

xj yj YJ \j xj jt 


4E7 5 


5570 


000606 


2C7C000225AC 


5580 


00060C 


3A3C0002 


5590 


000610 


61000044 


5600 


000614 


3E3C0020 


5610 


000618 


6100FEC0 


5620 


00061C 


6100002C 


5630 


000620 


48E70402 


5640 


000624 


6100008E 


5650 


000628 


4CDF4020 


5660 


00062C 


6100001C 





000630 


5345 





000632 


66DC 


5680 


000634 


61000034 


5690 


000638 


DDFC00000012 


5700 


00063E 


BDFC00022606 


5710 


000644 


670001D2 


5720 


000648 


60C2 


5730 


00064A 


283C000AFFFF 


5740 


000650 


5384 


5750 


000652 


66FC 


5760 


006 54 


4E7 5 


5770 


000656 


4280 


5780 


000658 

m u \J ~J yj 


323C2000 

■J ^J YJ YJ YJ 


c . 7Q PI 


XJ tj YJ \J J ^ 


9 CM C CI PI os 1 CI PI PI PI 

£.YJ /\^YJYJYJ±YJYJYJYJ 


5800 


00066? 


20C0 





000664 


5341 





6 6 6 

yj u yj \j \j \j 


66FA 


5820 


000668 


4E75 


5830 


00066A 


48 E7FFFE 


5840 


00066E 


4EB900021F18 


5850 


000674 


2CFC53482053 


5860 


00067A 


2CFC4C494445 


5870 


000680 


1CBC0020 


5880 


000684 


6100FA62 


5890 


000688 


61C0 


5900 


00068A 


4EB900021F18 


5910 


000690 


2CFC5348204D 


5920 


000696 


2CFC41534B20 



LSR 3,D3 
SUB.B D3,D1 
MOVE D1,D4 
EXT D4 
LSR 3,D4 
SUB.B D4,D2 . 
RTS 

* 

EQU5 MOVE D2,D3 
EXT D3 
LSR 1,D3 
SUB.B D3,D1 
MOVE D1,D4 
EXT D4 
LSR 2,D4 
ADD . B D4,D2 
RTS 

Q9 MOVE.L #$225AC,A6 
Q91 MOVE #2,D5 
Q92 BSR CMQ 

MOVE #$20, D7 

BSR RUN1 

BSR DLYQ 

MOVEM.L D5/A6,-(A7) 
BSR HP1 

MOVEM.L (A7)+,D5/A6 

BSR DLYQ 

SUB #1,D5 

BNE Q92 

BSR LOGO 

ADD . L #$12, A6 

CMP.L #$22606, A6 

BEQ Q8 

BRA Q91 
DLYQ MOVE.L #$000AFFFF ,D4 
DLYQ1 SUB.L #1,D4 

BNE DLYQ1 

RTS 

CMQ CLR.L D0 

MOVE #$2000, Dl 

MOVE.L #$10000, A0 
CMQ1 MOVE.L D0, (A0)+ 

SUB #1,D1 

BNE CMQ1 

RTS 

LOGO MOVEM.L D0-D7/A0-A6 , - ( A7 ) 
JSR FIXBUF 

MOVE.L # 'SH S' , (A6)+ 
MOVE.L #*LIDE' , (A6)+ 
MOVE.B # ' ' , (A6) 
BSR SHQ 
BSR DLYQ 
JSR FIXBUF 

MOVE.L #'SH M ' , (A6 ) + 
MOVE.L #'ASK ' , (A6)+ 
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5930 


00069C 


6100FA4A 


BSR SHQ 


5940 


0006A0 


4CDF7FFF 


MOVEM.L (A7) +,D0-D7/, 
MOVE.L #$0010FFFF,D4 


5950 


0006A4 


283C0010FFFF 


5960 


0006AA 


60A4 


BRA DLYQ1 


5970 






* 


5980 


0006AC 


61000006 


HP BSR HP1 


5990 


0006B0 


6000F9CA 


BRA RETURN 


6000 


0006B4 


267C00001080 


HP1 MOVE.L #ARRAY , A3 


6010 


0006BA 


619A 


BSR CMQ 


6020 


0006BC 


4241 


CLR Dl 


6030 


0006BE 


4242 


CLR D2 


6040 


0006C0 


363C00FF 


MOVE #$FF,D3 


6050 


0006C4 


3803 


MOVE D3,D4 


6060 


0006C6 


6100FE6A 


BSR RAND1 


6070 


0006CA 


02000007 


AND . B #7,D0 


6080 


0006CE 


5A00 


ADD . B #5,D0 


6 090 


£71 (?I 01 (\ T) 01 

VJ YJ YJ vj U YJ 


E3 40 


AST 1 DPI 


6 1 Vi 

\J X YJ YJ 


YJ YJ YJ \J L/ £- 


1 1 PCI 1 01 d 


MOVF r 00 NIIMPT 


6110 


0006D6 


6100FE5A 


BSR RAND1 


6120 


01 ci o\ n a 


9 00 1 F 


AND R t S 1 F D0 


6130 




0000000S 


OR R tSR DCI 


6140 


0006E? 

U U 1/ V b c 


1 1C0 1 05 Ifi 

XXv^K/XilJXU 


MOVE B D0 SCAT E 




YJ YJ YJ D Lj D 


4 9 A 


v_ ]_< r\ JJ J 


6160 


06 Fft 


U X v U C Li 4 O 


Hfi RCJR RAND1 

LIU LJ i J iA 1 \ £l I v LJ X 


6170 


0006EC 


024000FF 


AND #$FF,D0 


6180 


0006F0 

BL/ L. XJ 


17805000 

x # ^j xj ^j fj xj xj 


MOVE.B D0.0(A3.D5} 

1 IV V J— 1 • LJ LJ XJ f XJ \ 11 ^ f XJ _/ J 


6190 


0006F4 


B240 


CMP D0 .Dl 


6200 


0006F6 


6A0 2 


BPL.S HI 


KOI fl 
u z. J. iy 


01 Ffi 

YJ YJ YJ d r o 


1 CI d 

X 45 10 YJ 


1*1 VCi «D UW r LJ x 


6220 


0006FA 


B640 


HI CMP D0 . 

U X vl 11. LJ XJ J LJ *J 


6230 


0006FC 


6B02 


BMI.S H2 


6240 


0006FE 


1600 


MOVE B D0 D3 


6 250 


CI 7 PI CI 

XJ XJ VJ 1 YJ XJ 


61 00FF30 

\J J. VJ XJ L J-i *j xJ 


H? B^R RAND1 


6260 


000704 


024000FF 


AND #$FF,D0 


6 270 


000708 


17805001 

X ' ^J XJ S XJ XJ A- 


MOVE B D0 1 (A3 D5} 

I l\J V J—l • LJ Lj XJ f J- \ _» f LJ _/ J 


6280 


00070C 


B440 


CMP D0,D2 


6290 


00070E 


6A02 


BPL.S H3 


6300 


000710 


1400 


MOVE.B D0,D2 


6310 


000712 


B840 


H3 CMP D0,D4 


6320 


000714 


6B02 


BMI.S H4 


6330 


000716 


1800 


MOVE B D0.D4 

l 1 \J V u t LJ Lj XJ m LJ 


6340 


000718 


BA381014 


H4 CMP.B NUMPT,D5 


6350 


00071C 


6704 


BEQ.S H5 


6360 


00071E 

XJ XJ XJ 1 _L Lj 


5405 


add r a? 

C\LJ LJ • LJ ft £, f U J 


6370 


000720 

XJ XJ XJ 1 4— XJ 


60C6 


BRA H6 

U I \ Lx L X V.I 


6380 




00000722 


H5 EQU * 


6390 


00075? 

xj YJ YJ 1 £. £. 


Q p 01 


no jUDiO lj o f lj l. 


6 400 


XJ XJ XJ f ^ *-± 


9404 


JUD t D U4 f IJ 


6410 


000726 


4245 


CLR D5 


6420 


000728 


97335000 


H61 SUB.B D3,0(A3,D5) 


6430 


00072C 


99335001 


SUB.B D4,1(A3,D5) 


6440 


000730 


BA381014 


CMP.B NUMPT,D5 


6450 


000734 


6704 


BEQ.S H9 


6460 


000736 


5405 


ADD . B #2,D5 


6470 


000738 


60EE 


BRA H61 
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6480 00073A 4243 
6490 00073C 203C0000FF00 
6500 000742 024100FF 
6510 000746 80C1 
6520 000748 4245 
6530 00074A 16335000 
6540 00074E C6C0 
6550 000750 E04B 
6560 000752 17835000 
6570 000756 BA381014 
6580 00075A 6704 
6590 00075C 5405 
6600 00075E 60EA 
6610 000760 203C0000FF00 
6620 000766 024200FF 
6630 00076A 80C2 
6640 00076C 4245 
6650 00076E 16335001 
6660 000772 C6C0 
6670 000774 E04B 
6680 000776 17835001 
6690 00077A BA381014 
6700 00077E 6704 
6710 000780 5405 
6720 000782 60EA 
6730 000784 31D31000 
6740 000788 3E3C001C 
6750 00078C 54381014 
6760 000790 1A381014 
6770 000794 37935000 
6780 000798 3C3C0004 
6790 00079C 6100FD94 
6800 0007A0 0240000F 
6810 0007A4 67F2 
6820 0007A6 0C000008 
6830 0007AA 67EC 
6840 0007AC 0C00000F 
6850 0007B0 67E6 
6860 0007B2 4245 
6870 0007B4 12335000 
6880 0007B8 14335001 
6890 0007BC 6100008A 
6900 0007C0 BA381014 
6910 0007C4 6748 
6920 0007C6 12335002 
6930 0007CA 14335000 
6940 0007CE 024100FF 
6950 0007D2 024200FF 
6960 0007D6 9242 
6970 0007D8 16381016 
6980 0007DC 024300FF 
6990 0007E0 C3C3 
7000 0007E2 E049 
7010 0007E4 D3335000 
7020 0007E8 12335003 



H9 CLR D3 

MOVE.L #$FF00 f D0 

AND #$FF,D1 

DIVU D1,D0 

CLR D5 
H12 MOVE.B (A3,D5) ,D3 

MULU D0,D3 

LSR 8,D3 

MOVE.B D3,0(A3,D5) 

CMP.B NUMPT,D5 

BEQ.S Hll 

ADD . B #2,D5 

BRA H12 
Hll MOVE.L #$FF00,D0 

AND #$FF,D2 

DIVU D2,D0 

CLR D5 
H14 MOVE.B 1 (A3,D5) ,D3 

MULU D0,D3 

LSR 8,D3 

MOVE.B D3,1(A3,D5) 

CMP.B NUMPT,D5 

BEQ.S H13 

ADD . B #2,D5 

BRA H14 
H13 MOVE (A3) ,X1 
H131 MOVE #$1C,D7 
H132 ADD . B #2,NUMPT 

MOVE.B NUMPT,D5 

MOVE (A3) ,0(A3,D5) 
H15 MOVE #4,D6 

BSR RAND1 

AND #$F,D0 

BEQ H15 

CMP.B #$8,D0 

BEQ H15 

CMP.B #$F,D0 

BEQ H15 
HP6 CLR D5 

H17 MOVE.B 0(A3,D5) ,D1 
MOVE.B 1(A3,D5),D2 

HP17 BSR LINE 
CMP.B NUMPT,D5 
BEQ.S H16 

MOVE.B 2 (A3,D5) ,D1 
MOVE.B (A3,D5) ,D2 
AND #$FF,D1 
AND #$FF,D2 
SUB D2,D1 
MOVE.B SCALE, D3 
AND #$FF,D3 
MULS D3,D1 
LSR 8,D1 

ADD . B D1,0(A3,D5) 
MOVE.B 3 (A3 ,D5) ,D1 
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7030 


0007EC 


024100FF 


7040 


0007F0 


14335001 


7050 


0007F4 


024200FF 


7060 


0007F8 


9242 


7070 


0007FA 


16381016 


7080 


0007FE 


024300FF 


7090 


000802 


C3C3 


7100 


000804 


E049 


7110 


000806 


D3335001 


7120 


00080A 


5445 


7130 


00080C 


60A6 


7140 


00080E 


5346 


7150 


000810 


66A0 


7160 


000812 


5347 


7170 


000814 


6682 


7180 


000816 


4E75 


7190 


000818 

TJ XJ WJ \J ± \J 


6100FE9A 


7200 


00081C 


283C000AFFFF 


7210 


000822 


6100FE2C 


7220 


000826 


60F0 


7230 






7240 






7 250 






7260 


000828 


12290002 


7270 


00082C 


9211 


7 280 


00082E 


650A 


7 290 


000830 


13410004 


7300 


000834 


42290006 


7310 


000838 


4E75 


7320 


00083A 


137C00010006 


7330 


000840 


4401 


7340 


000842 


13410004 


7350 


000846 


4E75 


7360 






7370 






7380 




00000848 


7390 


000848 


48E7FFFE 


7400 


00084C 


227C00001000 


7410 


000852 


13410002 


7420 


000856 


13420003 


7430 


00085A 


1211 


7440 


00085C 


14290001 


7450 


000860 


6100FCF2 


7460 


000864 


61C2 


7470 


000866 


5289 


7480 


000868 


61BE 


7490 


0008 6A 


5389 


7500 


00086C 


1211 


7510 


00086E 


14290001 


7520 


000872 


4A290004 


7530 


000876 


6766 


7540 


000878 


4A290005 


7550 


00087C 


67000088 


7560 


000880 


16290004 


7570 


000884 


B6290005 



AND #$FF,D1 
MOVE.B 1 (A3,D5) ,D2 
AND #$FF,D2 
SUB D2,D1 
MOVE.B SCALE, D3 
AND #$FF,D3 
MULS D3,D1 
LSR 8,D1 

ADD . B D1,1(A3,D5) 

ADD #2,D5 

BRA H17 
H16 SUB #1,D6 

BNE HP6 

SUB #1,D7 

BNE HI 5 

RTS 
Q8 BSR HP1 

MOVE.L #$AFFFF,D4 

BSR DLYQ1 

BRA Q8 



DXDY MOVE.B 2 (Al) ,D1 
SUB.B (A1),D1 
BCS.S XNEG 
MOVE.B D1,4(A1) 
CLR.B 6(A1) 
RTS 

XNEG MOVE.B #1,6 (Al) 
NEG.B Dl 
MOVE.B D1,4(A1) 
RTS 



LINE EQU * 

DRAW MOVEM.L D0-D7/A0-A6 , - ( A7 ) 

MOVE.L #X1,A1 

MOVE.B D1,2(A1) 

MOVE.B D2,3(A1) 

MOVE.B (A1),D1 

MOVE.B 1 (Al) ,D2 

BSR DSP 
DRAW1 BSR DXDY 

ADD. L #1,A1 

BSR DXDY 

SUB.L #1,A1 

MOVE.B (A1),D1 

MOVE.B 1 (Al) ,D2 

TST.B 4(A1) 

BEQ.S DXZ 

TST.B 5(A1) 

BEQ DYZ 

MOVE.B 4 (Al) ,D3 
CMP.B 5 (Al) ,D3 
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7580 


000888 


660000B0 


BNE FULMOV 


7 590 


00088C 


4A290006 


TST.B 6(A1) 


7600 


000890 


6626 


BNE.S SXN 


7610 


000892 


4A290007 


TST.B 7(A1) 


7620 


000896 


6636 


BNE.S SYN 


7630 


000898 


6100FCBA 


XPYP1 BSR DSP 


7640 


00089C 


5201 


ADD . B #1,D1 


7650 


00089E 


5202 


ADD . B #1,D2 


7660 


0008A0 


B2290002 


CMP.B 2 (Al) ,D1 


7670 


0008A4 


66F2 


BNE XPYP1 


7680 


0008A6 


607E 


BRA.S XYDONE 


7690 


0008A8 


6100FCAA 


SXNSYN BSR DSP 


7 70 


0008AC 


5301 


SUB.B #1,D1 


7710 


0008AE 


5302 


SUB.B #1,D2 


7720 


0008B0 


B2290002 


CMP.B 2 (Al) ,D1 


7730 


0008B4 


66F2 


BNE SXNSYN 


7740 


0008B6 


606E 


BRA.S XYDONE 


7750 


0008B8 


4A290007 


SXN TST.B 7 (Al) 


7760 


0008BC 


66EA 


BNE.S SXNSYN 


7770 


0008BE 


6100FC94 


SNP BSR DSP 


7780 


0008C2 


5301 


SUB.B #1,D1 


7790 


0008C4 


5202 


ADD . B #1,D2 


7800 


0008C6 


B2290002 


CMP.B 2 (Al) ,D1 


7810 


0008CA 


66F2 


BNE SNP 


7820 


0008CC 


6058 


BRA.S XYDONE 


7830 


0008CE 


6100FC84 


SYN BSR DSP 


7840 


0008D2 


5201 


ADD . B #1,D1 


7850 


0008D4 


5302 


SUB.B #1,D2 


7860 


0008D6 


B2290002 


CMP.B 2 (Al) ,D1 


7870 


0008DA 


66F2 


BNE SYN 


7880 


0008DC 


6048 


BRA.S XYDONE 


7890 


0008DE 


4A290005 


DXZ TST.B 5(A1) 


7900 


0008E2 


6742 


BEQ.S XYDONE 


7910 


0008E4 


4A290007 


TST.B 7(A1) 


7920 


0008E8 


660E 


BNE.S DXZYN 


7930 


0008EA 


6100FC68 


DXZ1 BSR DSP 


7940 


0008EE 


5202 


ADD . B #1,D2 


7950 


0008F0 


B4290003 


CMP.B 3 (Al) ,D2 


7960 


0008F4 


66F4 


BNE DXZ1 


7970 


0008F6 


602E 


BRA.S XYDONE 


7980 


0008F8 


6100FC5A 


DXZYN BSR DSP 


7990 


0008FC 


5302 


SUB.B #1,D2 
CMP.B 3 (Al) ,D2 


8000 


0008FE 


B4290003 


8010 


000902 


66F4 


BNE DXZYN 


8020 


000904 


6020 


BRA.S XYDONE 


8030 


000906 


4A290006 


DYZ TST.B 6 (Al) 


8040 


00090A 


660E 


BNE.S DYZN 


8050 


00090C 


6100FC46 


DYZ1 BSR DSP 


8060 


000910 


5201 


ADD . B #1,D1 


8070 


000912 


B2290002 


CMP.B 2(A1),D1 


8080 


000916 


66F4 


BNE DYZ1 


8090 


000918 


600C 


BRA.S XYDONE 


8100 


00091A 


6100FC38 


DYZN BSR DSP 


8110 


00091E 


5301 


SUB.B #1,D1 


8120 


000920 


B2290002 


CMP.B 2(A1) ,D1 
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8130 


000924 


66F4 • 


8140 


000926 


32A90002 


8150 


00092A 


1211 


8160 


00092C 


14290001 


8170 


000930 


6100FC22 


8180 


000934 


4CDF7FFF 


8190 


000938 


4E75 


8200 


00093A 


33510008 


8210 


00093E 


16290004 


8220 


000942 


96290005 


8230 


000946 


6208 


8240 


000948 


337C0001000A 


8250 


00094E 


6046 


8260 


000950 


337C0100000A 


8270 


000956 


603E 


8280 


000958 


16290008 


8290 


00095C 


9611 


8300 


00095E 


6402 


8310 


000960 


4403 


8320 


000962 


024300FF 


8330 


000966 


18290005 


8340 


00096A 


024400FF 


8350 


00096E 


C6C4 


8360 


000970 


18290009 


8370 


000974 


98290001 


8380 


000978 


6402 


8390 


00097A 


4404 


8400 


00097C 


1A290004 


8410 


000980 


024400FF 


8420 


000984 


024500FF 


8430 


000988 


C8C5 


8440 


00098A 


4A29000A 


8450 


00098E 


660E 


8460 


000990 


B883 


8470 


000992 


6710 


8480 


000994 


620E 


8490 


000996 


3369000A000E 


8500 


00099C 


600C 


8510 


00099E 


B883 


8520 


0009A0 


6702 


8530 


0009A2 


62F2 


8540 


0009A4 


337C0101000E 


8550 


0009AA 


12290008 


8560 


0009AE 


14290009 


8570 


0009B2 


4A290007 


8580 


0009B6 


6606 


8590 


0009B8 


D429000F 


8600 


0009BC 


6004 


8610 


0009BE 


9429000F 


8620 


0009C2 


13420009 


8630 


0009C6 


4A290006 


8640 


0009CA 


6606 


8650 


0009CC 


D229000E 


8660 


0009D0 


6004 


8670 


0009D2 


9229000E 



BNE DYZN 
XYDONE MOVE 2(A1),(A1) 
MOVE.B (A1),D1 
MOVE.B 1(A1),D2 
BSR DSP 

MOVEM.L (A7) + , D0-D7/A0-A6 
RTS 

FULMOV MOVE (A1),8(A1) 

MOVE.B 4 (Al) ,D3 

SUB.B 5 (Al) ,D3 

BHI.S FUL1 

MOVE #$1,10(A1) 

BRA.S FUL4 
FUL1 MOVE #$100,10(A1) 

BRA.S FUL4 
FUL2 MOVE.B 8 (Al) ,D3 

SUB.B (Al) ,D3 

BCC.S FUL21 

NEG.B D3 
FUL21 AND #$FF,D3 

MOVE.B 5 (Al) ,D4 

AND #$FF,D4 

MULU D4,D3 

MOVE.B 9 (Al) ,D4 

SUB.B 1 (Al) ,D4 

BCC.S FUL22 

NEG.B D4 
FUL22 MOVE.B 4 (Al) ,D5 

AND #$FF,D4 

AND #$FF,D5 

MULU D5,D4 

TST.B 10(A1) 

BNE.S FULY 

CMP.L D3,D4 

BEQ.S GREAT 

BHI.S GREAT 
FUL4 MOVE 10 (Al) ,14 (Al) 

BRA.S SAME 
FULY CMP.L D3,D4 

BEQ.S GREAT 

BHI.S FUL4 
GREAT MOVE # $ 1 1 , 1 4 ( Al ) 
SAME MOVE.B 8 (Al) ,D1 

MOVE.B 9 (Al) ,D2 

TST.B 7(A1) 

BNE.S NEGY 

ADD . B 15 (Al) ,D2 

BRA.S S2 
NEGY'SUB.B 15 (Al) ,D2 
S2 MOVE.B D2,9(A1) 

TST.B 6(A1) 

BNE.S NEGX 

ADD . B 14 (Al) ,D1 

BRA.S S3 
NEGX SUB.B 14 (Al) ,D1 
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8680 
8690 
8700 
8710 
8720 
8730 
8740 
8750 
8760 
8770 



0009D6 
0009DA 
0009DE 
0009E2 
0009E4 
0009E8 
0009EA 
0009EE 
0009F2 
0009F6 



13410008 
6100FB78 
B2290002 
670A 

B4290003 
6704 

6000FF6C 
32A90008 
6000FE70 
0000 



****** TOTAL ERRORS 



S3 MOVE.B D1,8(A1) 
FUL3 BSR DSP 

CMP.B 2(A1) ,D1 

BEQ.S DRAW2 

CMP.B 3 (Al) ,D2 

BEQ.S DRAW 2 

BRA FUL2 
DRAW 2 MOVE 8(A1),(A1) 

BRA DRAW1 

END 



SYMBOL TABLE 



A PP A V 


aa'\ (A ft 01 

YJ YJ 1 YJ o YJ 


r a 


01 01 01 A ^ A 
YJ YJ Y) H j h 


Bill 


01 B| 01 r> c a 

YJ V YJ J O *4 


RT 9 


000 3S8 

YJ YJ YJ ~j ~J O 


DLJ 


10 YJ v J O O 




01 01 01 1 01 ft 

10 10 10 J 10 


D Li X JNI\ 


pi pi PI -J4 A 

YJ YJ YJ O *i r\ 


BLUE 


000 2FC 

XJ YJ XJ £t L V-c 


RY 
D A 


0\a a I ft a 

If 10 YJ ± O rt 


DA J. 


010101 1 Q A 

10 YJ YJ 1. y t\ 


RXl 1 
D A ± X 


000 1 R4 


BX2 


000 1A4 

XJ XJ XJ X C\ J 


oAZZ 


YJ YJ 10 J. V* 10 


DV ~i 
DA j 


01 01 01 1 q pi 
10 10 10 J. y YJ 


DA J J 


pi pj pi 1 nn 

YJ YJ YJ ± LJ YJ 


RX44 

D A *1 ** 


001 DA 




WWW ODD 


C HrtKCiJJ 


0101 011 a 01 

YJ Yj Yj Jrt.10 




010,0, "xc v 

YJ YJ YJ Xj 




01 1 n0 
10 10 10 j u 10 




01 0101 Tn4 

Yl YJ YJ J U4 




00 ^Fft 
10 10 10 or 


fHTA R 


yj yj yj y r d 


rr rm 


000 074 


CM 


PI 01 01 PI £ ft 

10 10 10 10 D o 


HMD 
^ 1*1 u 


01 01 01 01 A 

XJ YJ YJ Z. YJ ** 


CMD1 


000 26A 

YJ YJ XJ £. \J t\ 


CMD2 


000288 

XJ XJ XJ v v 


CMD3 


000 27 


CMD4 


000276 

YJ tJ tJ 1 \J 


CMDTAB 


XJ XJ J- (J XJ XJ 


CMO 


000656 

XJ XJ XJ \J ^ \J 


^ I'ly X 


a a a f. f. 9 




001010 

YJ YJ A. YJ J. YJ 


CR 


YJ YJ YJ ' 


CRTC 


0000D2 

XJ XJ XJ XJ \-J *-' 


CYAN 


0003 1 A 


DBI IJF 


000320 

XJ XJ XJ ~J t- v> 


DCYAN 


000344 


DGR 


000326 


DLY 


00044A 


DLY1 


00044E 


DLYQ 


00064A 


DLYQ1 


000650 




0101 01 H F 
10 10 10 j j C« 




01 ci pi 4 1 r 


no aw 


PI PI CI ft 4 8 

YJ YJ YJ O *i O 


DR AW1 


OS ft fi 4 

IO IO IO O U *a 


u T\t\ ri 


0101 01 QR F 

10 YJ XJ y Cj Lj 




PIPI pi T o (J 

WWW Ji^ 




PI PI P| R R 4 


uo r X 


000S66 


DSPLY 


000SSA 

xj xj xj j j l\ 


DSPLY1 


0005A8 


DSPLY2 


5A0 

xj u xj n f 


DWARROW 


000258 


DWH 


00033? 


DXDY 


000828 

XJ XJ XJ \J <J 


DXZ 


0008DE 


DXZ 1 


0008EA 

w v V 4—* * » 


DXZYN 


0008F8 


DYEL 


000338 


DYZ 


000906 


DYZ1 


00090C 


DYZN 


00091A 


ED 


0001E8 


EDI 


0001FA 


EQU1 


0005AC 


EQU2 


0005BE 


EQU3 


0005D0 


EQU4 


0005E2 


EQU5 


0005F4 


FIXBUF 


021F18 


FUL1 


000950 


FUL2 


000958 


FUL21 


000962 


FUL22 


00097C 


FUL3 


0009DA 


FUL4 


000996 


FULMOV 


00093A 


FULY 


00099E 


GETADD 


00057A 


GREAT 


0009A4 


GREEN 


0002F6 


HI 


0006FA 


Hll 


000760 


H12 


00074A 


H13 


000784 


H131 


000788 


H132 


00078C 


H14 


00076E 


H15 


000798 


H16 


00080E 


H17 


0007B4 


H2 


000700 


H3 


000712 


H4 


000718 


H5 


000722 


H6 


0006E8 


H61 


000728 


H8 


000722 


H9 


00073A 


HP 


0006AC 


HP1 


0006B4 


HP17 


0007BC 


HP6 


0007B2 


INIT 


00002C 


INIT1 


000038 


INPUT 


00016E 


LI 


000466 


L2 


000482 


LINE 


000848 


LOGO 


00066A 


LOOP 


000474 


LTARROW 


000264 


MACSBUG 


0200F6 


MAG 


000314 


MSG 


0200EE 


NCOLOR 


001011 


NEGX 


0009D2 


NEGY 


0009BE 


NTABLE 


000082 


NUMPT 


001014 


0C0L0R 


001012 


OUTPUT 


00017C 


0UTPUT2 


021BC2 


Ql 


000498 


Q2 


0004A4 


Q3 


0004B0 


Q4 


0004BC 


Q5 


0004C8 


Q8 


000818 


Q9 


000606 


Q91 


00060C 


Q92 


000610 


RAN ADD 


001018 


RAND 


000514 


RAND1 


000532 


RAND 2 


000520 


READK 


000436 


RED 


0002F0 


RETURN 


00007C 


RTARROW 


00025E 


RTS 


000256 


RTS1 


000254 


RTS2 


0002EC 


RUN 


0004D2 


RUN1 


0004DA 


RUN 2 


0004E2 


S2 


0009C2 


S3 


0009D6 


SAME 


0009AA 


SCALE 


001016 


SET 


00040A 


SETUP 


000000 


SETUP1 


00000E 
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SETUP2 00001C SETUP21 000060 SH 0000E2 SHI 0000F4 

SH2 000106 SH3 000146 SH4 000154 SHOW 0001B2 

SHQ 0000E8 SNP 0008BE SXN 0008B8 SXNSYN 0008A8 

SYN 0008CE TABLECH 001100 UPARROW 000250 WHITE 000302 

XI 001000 X2 001002 XNEG 00083A XPYP1 000898 

XYDONE 000926 Yl 001001 Y2 001003 YELLOW 00030E 
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USING LOW-COST 1 MHz PERIPHERALS 
IN A 2 MHz SYSTEM 
WITH THE MC68B09 AND THE MC68B09E 

by 

Duane Graden and Hunter Scales 
NMOS Microcomputer Applications 
Motorola Inc. 



INTRODUCTION 

With the increasing use of HMOS design techniques in 
VLSI circuits, the maximum speed of these devices is also on 
the rise. There are 2 MHz, "B," versions of the popular 
MC6809 and the new MC6809E with external clock. Both the 
MC68B09 and the MC68B09E feature a 500 nanosecond cy- 
cle time. With a 2 MHz E clock, an add immediate instruc- 
tion takes just 1 microsecond! These fast, efficient pro- 
cessors offer designers the opportunity to use a 
microprocessor in applications which have been, until now, 
too slow. 

It would appear that the speed increase necessarily carries 
with it a cost penalty. That is, by increasing the speed of the 
bus, faster and therefore more expensive memories and 
peripherals must be used. However, there are ways to 
manipulate the 2 MHz MPU access time to accommodate 
slower peripherals and memories. 

MPU ACCESS TIME MANIPULATION 

The system clocks on the MC6809 can be delayed (stretch- 
ed) to allow longer access time for slow memories using the 
MRDY input pin. Figure 1 shows the timing for this input. 
The system E and Q clocks are stretched, while E is high and 
Q is low, in one-quarter bus cycle increments. One quarter 
cycle of the MC68B09 2 MHz clock is equal to 125 
nanoseconds. Since the MC6809E requires an external clock 
generator, the MRDY signal can be implemented externally 
for that processor. 

A problem arises when stretching the access time for slow 
memories in that the throughput of the 2 MHz system is 
reduced markedly because the majority of processor cycles 
are, in fact, memory accesses. One solution to this problem is 
a compromise: absorb the cost of fast memories to allow the 



processor to run all memory cycles at full speed but reduce 
the speed of the bus for peripheral access. Since many 
peripherals are accessed only infrequently, this approach in- 
curs minor impact on total throughput. 

Unfortunately, slowing the bus cycle to accommodate slow 
peripherals is not as simple as using slow memories. To begin 
with, all MC6809 family peripherals require a continuous 
system clock to function. If the peripherals are specified at 
1 MHz, this clock cannot exceed 1 MHz. This requires a 
separate, 1 MHz peripheral clock. This clock may not be syn- 
chronous with the main 2 MHz processor clock. Therefore, 
the chip enable signals to the peripherals must be delayed un- 
til the peripheral clock is low and then meet the chip select 
(CS) setup time. In 1 MHz chips, chip select time is 160 
nanoseconds before the rising edge of the clock. Some cir- 
cuits, designed to allow the use of an MC6809 peripheral chip 
operating at one-half the frequency of the 2 MHz system 
clock, are described in the following paragraphs. 

USING THE MC68B09 WITH 1 MHz PERIPHERALS 

The circuit shown in Figure 2 allows 1 MHz peripherals to 
run with a 2 MHz MC68B09 system by generating an asyn- 
chronous peripheral clock (PCLK). When an access of any 
1 MHz peripheral takes place, the 2 MHz system clocks, E 
and Q, are stretched using the MRDY pin. A state machine 
then waits until PCLK is low and then chip selects the 
peripheral 250 nanoseconds before the rising edge of PCLK. 
This provides proper address setup time at the peripherals 
before chip selecting them. Clocks E and Q are then released 
and the data is latched. 

Refer to the timing diagram in Figure 3 and note the signal 
relationships during write and read cycles. Initiation of a 



423 




Figure 1. MC6809 MRDY Timing 



peripheral access cycle causes the address decoding logic to 
bring the PERAC signal high (T). Signal MRDY is then 
brought low @. While MRDY is low, the high E and low Q 
clocks are inhibited from switching states. Allowing for the 
address setup time, the peripheral enable (PE) signal is made 
true in the center of the PCLK low cycle (3). 

Signal MRDY is then raised 375 nanoseconds after the ris- 
ing edge of PCLK allowing E to fall 125 nanoseconds later 
(3). In addition, if the access is a read, PCLK is stretched 125 
nanoseconds past the fall of E (5) to ensure valid data from 
the peripheral. The delay also allows for some inherent skew 
in the processor MRDY to E falling time. If the access is a 
write to the peripheral, then E is allowed to fall after PCLK 
to ensure that the peripheral clocks in valid data. 

Note on Figure 3 that peripheral access (PERAC) may 
become active high either during the low or high cycle of 
PCLK. If the access occurs during the first quarter of the 
PCLK cycle, the E need only be stretched for one 2 MHz bus 
cycle (250 nanoseconds) until PCLK falls. However, if the 
access occurs during the last three-quarters of the PCLK cy- 
cle, then the stretch has to be continued until the next full cy- 
cle of PCLK occurs. The best case example, shown in 
Figure 3, is a short write, where the write PERAC signal oc- 
curs before the end of the first quarter cycle of PCLK. The 
worst case is a long read, where the read PERAC signal oc- 
curs during PCLK high. 

MC6809E CLOCK CIRCUIT 

Unlike the MC6809, the MC6809E requires an external 
clock generator to provide the 2 MHz E and Q system clocks. 
Figure 4 shows a circuit that can generate these clocks. The 
circuit also generates an_ internal PCLK signal used to 
develop the chip select (CS) output to the peripherals. This 
output ensures that an addressed peripheral is accessed at the 
proper time. Two inputs are required by the circuit. These 
are the MRDY and the PERAC inputs. Input MRDY is used 
to stretch the E and Q clocks during slow (1 MHz) peripheral 
access cycles. Input PERAC is used to signal that a slow 
peripheral access cycle is active. 

An 8 MHz oscillator, formed by crystal Yl , related 74LS04 
U4 inverters, and resistors Rl and R2, provides the reference 
frequency. Two 8 MHz output^ 4X and 4X are obtained 
from the oscillator. Output 4X is used to clock binary 
counter U7. This counter divides the 4X clock by 2, 4, and 8 
to derive the 4 MHz 2X clock, the 2 MHz IX clock, and the 
1 MHz PCLK, respectively. Clock 2X is routed to flip-flop 



U3a, where it is divided by 2 to obtain the 2 MHz Q clock 
output. Clock IX is routed via gate U6a to provide the 
2 MHz E clock output. 

At power-up, flip-flop U3a and U3b are used to establish 
the correct clock E and clock Q phase relationship. However, 
this synchronization must be delayed until the oscillator has 
stabilized. An RC network (CI, R3) provides this delay. At 
power-up, a momentary low level from the RC network 
clears U3b to hold the U3b output low. In turn, the low U3b 
output presets U3a to hold the system Q clock output high. 
Approximately 50 milliseconds after power-up, the RC net- 
work output reaches Vj (1.9 V) of inverter U9 and releases 
U3b so it can be toggled by clock E. As the D input of U3b is 
tied to + 5 V, the next rising edge of clock E toggles the U3b 
output from low to high . This action releases the U3a preset 
input so that U3a can be toggled by clock 2X. The next rising 
edge of clock 2X, and all subsequent rising edges of 2X, 
switch the U3a system Q clock output to generate the Q 
waveform. The + 5 V at the D input of U3b ensures that the 
U3b output remains high and does not interfere with U3a 
after synchronization. Since the system reset delay is 100 
milliseconds, the 50 millisecond clock delay does not 
interfere in any way with system operation. 

MC6809E SLOW MEMORY ACCESS 

The MRDY input allows the processor to access slow 
memories by stretching E and Q. Refer to the timing diagram 
in Figure 5 and note that when MRDY is pulled low, E is high 
and Q is low. Refer to Figure 4 and note that these conditions 
generate a low output at gate U5c. Therefore, a low is present 
at the input of U2b. The next rising edge of the oscillator 4X 
clock toggles U2b and causes ENABLE to counter U7 to 
become inactive, holding E high. The Q clock is also held low 
by the low clear input to U3a from U2b. Thus, E and Q are 
stretched as long as MRDY is low. Removing MRDY causes 
the clocks to be released on the following 4X clock rising 
edge. 

MC6809E SLOW PERIPHERAL ACCESS 

Correct access of slow peripherals dictates synchronization 
between the processor clock, E, and peripheral clock, PCLK. 
In this case, PCLK is a continuous square wave one-half the 
frequency of E. Accesses of the slow peripheral are syn- 
chronized by stretching E, thus allowing them to operate at 
their full rated bus speed. Only the processor is slow and only 
for that cycle. 
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Figure 2. MC6809 Half-Speed Peripheral Clock Circuit 




Signal PERAC goes active high to initiate a half-speed 
peripheral access cycle. Note on Figure 4 that PERAC is ap- 
plied to ga te U5a. The other signal input to gate U5a is the 
high C ON output of flip-flop U2a. When PERAC is high, 
CON is used to control stretch time at flip-flop U2b via gates 
U5a, U5b, and U5c. If a low input is clocked into flip-flop 
U2b by clock 4X, U2b holds the Q clock low with flip-flop 
U3a and holds the E clock high with gate U6a. Also note that 
chip select (CS) gate U6c determines the CON signal state via 
flip-flips Ulb and U2a after clocks IX and 4X. Gate U6c 
output state is determined by the E clock state via inverter 
U4d and by the PCLK state via flip-flop Ula after clock IX. 
Having noted these features, refer to the double-byte 
peripheral access timing diagram shown in Figure 6. 

When PERAC is high while E is high and Q is low, th en 
the next rising edge of the 4X clock causes STRETCH to 
become active Q). Cl ocks E and Q are held high and low, 
respectively, as long as STRETCH is low. Chip select (CS) to 
the peripheral is not active at this time. PCLK must be low to 
ensure a proper chip select setup time (160 nanoseconds). 
After PCLK goes low, the next rising edge of clock IX is 
used to clock PCLK to generate the active low CS signal (2). 
This sequence provides the proper chip select timing. 

After C§ goes low, STRETCH must be released so that 
clock E and P CLK fall simultaneously. This is accomplished 
by the CON signal logic with clocks IX and 4X. That i s, 
when the low CS is clock ed by t he IX and 4X clocks, CON is 
switched low (3). When CON goes low, the next 4X rising 
edge releases STRETCH @. In turn, the next 4X falling edge 
causes clock E and PCLK to fall at the same time. This ac- 
tion clocks the data into the peripheral on a write cycle (or in- 
to the MPU on a read cycle). 



Signal CS goes high (inacti ve) when E goes low (5). The 
high CS" signal sets the CON signal to high and the stretch 
logic is reset for the next access. Steps (T) through (5) are 
repeated for the second byte access. 

SIMPLE CLOCK GENERATOR FOR THE MC6809E 
WITH MRDY INPUT 

Figure 7 depicts a circuit designed for those systems not re- 
quiring the dual frequency clocks. The circuit provides the E 
and Q clocks in their proper phases and also an MRDY input 
to stretch the clocks for slow memory access. The fundamen- 
tal input square wave should be four times the desired E fre- 
quency. 

Flip-flops U3a and U3b are used to derive the E and Q 
clocks. The 4X square wave clocks both flip-flops. The feed- 
back of the E output from U3b to the K input of U3a is used 
to derive quadrature clock Q. Clock Q is at the same frequen- 
cy as clock E but leads it by 90 degrees in phase. Because the 
MC6809E requires the input voltage on the E clock (VICH) 
to be Vcc - 0.75 = 4.25 volts, the E signal to the MPU is fed 
through a 7404 inverter. A pullup resistor raises the voltage 
to an acceptable level. 

The function of the MRDY input is essentially the same as 
previously described. A timing diagram for the circuit is 
shown in Figure 8. Since the clocks must be stretched while 
clock E is high and clock Q is low, the output of the 74LS10 
NAND gate is only low when E is high, Q is low, and MRDY 
is low. This allows a low to be clocked through U2a to the 
clear input of U3a and the preset input of U3b. In this man- 
ner, the E and Q clocks are stretched until MRDY rises and is 
clocked through with the 4X clock. The clocks then proceed 
normally from there. 
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Figure 4. Clock Generator Circuit for MC6809E 




Figure 5. MRDY Timing in MC6809E Clock Generator 




Figure 6. 1 MHz Peripheral Double Byte Access Timing Diagram 
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A DATA COMMUNICATIONS SYSTEM USING 
AN MC6809 MPU, MC68652 MPCC, 
AND/OR THE MC68661 EPCI 



Prepared by 
Trey West 
Microprocessor Systems Engineering 



INTRODUCTION 

With the increased use of microprocessors and LSI 
receiver/transmitter devices in data communication systems, 
design engineers are constantly searching for new devices 
which will reduce system complexity and enhance system per- 
formance. Motorola's MC6809 (or MC6809E) 
microprocessor together with one or two LSI devices will 
provide the design engineer with such products. 

The MC6809 microprocessor can be interfaced with the 
MC68661 Enhanced Programmable Communications Inter- 
face (EPCI) and/or the MC68652 Multi-Protocol Com- 
munications Controller (MPCC). Together, these devices 
will support most existing data communications protocols. 
This application note describes hardware considerations for 
interfacing the MC68661 EPCI and the MC68652 MPCC 
with the MC6809. Test software is included to illustrate the 
effective use of MC6809 instructions to operate both devices. 

MC68661 ENHANCED PROGRAMMABLE COM- 
MUNICATIONS INTERFACE (EPCI) 

The MC68661 EPCI is a universal synchronous/asyn- 
chronous data communications controller device which is an 
enhanced version of Signetics 2651 . The MC68661 EPCI sup- 
ports many serial data communications protocols, both syn- 
chronous and asynchronous, in the full- or half-duplex 
mode. Programmed instructions can be accepted from the 
host MPU while supporting these protocols. Special support 
for BISYNC is provided with the inclusion of an MC68653 
Polynomial Generator Checker circuit. 

The EPCI contains an internal, software programmable 
baud rate generator which supports up to 16 commonly used 
baud rates. Each version of the MC68661 (-A, -B, -C) 
provides a different set of 16 baud rates (since each operates 
with a different combination of BRCLK input frequency and 
rate divisor). However, by providing an external receiver and 
transmitter clock, any baud rate may be used. 



When operating in the synchronous mode, the EPCI sup- 
ports a 5-, 6-, 7-, or 8-bit character length. In addition, odd 
or even parity can be used or the parity control can be disabl- 
ed. The EPCI may be programmed to operate in the 
transparent mode with DLE stuffing (Tx) and detection (Rx). 
The EPCI can also operate in the non-transparent (normal) 
mode. Automatic SYN or DLE-SYN insertion as well as 
SYN, DLE, and DLE-SYN stripping are provided. Local 
and remote maintenance loop-back facilitates system testing. 

When operating in the asynchronous mode, the EPCI also 
supports a 5-, 6-, 7-, or 8-bit character length with even or 
odd parity, or the parity control can be disabled. Stop bit 
lengths of one, one and one-half, or two may be used. False 
start bit, parity, overrun, and framing error detection are in- 
cluded on-chip. The asynchronous mode also includes local 
and remote maintenance loop-back to facilitate system 
testing. 

The MC68661 interfaces quite readily with the MC6809 at 
any of the available clock frequencies. The two address lines 
(AO, Al) together with the R/W line provide register selec- 
tion for software programming of the EPCI. The 8-bit data 
bus supports efficient data transfer between the EPCI and 
the MC6809 MPU. The complete interface requires only one 
TTL "glue" part (a 74LS04 inverter) to supply Reset and 
R/W for the MC68661. Baud rate generation is configured 
internally under software control provided the proper fre- 
quency is applied to BRCLK (pin 20). See Figure 1 for an in- 
terface schematic diagram. 

Software for the asynchronous test is shown in Figure 2. 
This software provides a full-duplex buffer for a terminal. A 
character entered at the terminal is simply echoed back to the 
terminal. This simple routine could be modified to perform 
the function of a monitor input handler. 

NOTE 

The first initialization routine listed is for the 
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ASSIST09 (MC6809) monitor only. This routine simp- 
ly equates the IRQ vector to a user defined location. 

MC68652 MULTI-PROTOCOL COMMUNICATIONS 
CONTROLLER (MPCC) 

The MC68652 MPCC formats, transmits, and receives 
synchronous serial data while supporting Bit Oriented Pro- 
tocols (BOP) or Byte Control Protocols (BCP). The data 
transmission rate is externally controlled and runs from DC 
to 1 MHz (MC68652) or 2 MHz (MC68652_2). The MPCC 
supports SDLC, HDLC, and ADCCP in the BOP mode, and 



DDCMP and BISYNC in the BCP mode. Transmitted 
character length may be 1 to 8 bits for BOP and 5 to 8 bits for 
BCP. The MPCC provides for programmable SYNC (BCP) 
or secondary station address (BOP). Automatic detection 
and generation of Flag, Abort, and GA sequences are includ- 
ed on-chip. The MPCC also supports zero insertion and dele- 
tion for BOP, and SYNC generation, detection, and strip- 
ping for BCP. The maintenance mode pin, when asserted, 
internally connects the transmitter output and TxC to the 
receiver input and RxC, respectively, to expedite system 
testing. 




From Reset Circuitry 



From External 
Clock (If Internal 
Baud Rate Gen- 
erator Not Used) 



Modem Control 
(If Modem is 
Not U sed, then: 
CTS , DCD to GN_p_; 
DSR to +5 V; RTS, 
DTR Not Connected! 



Connect to 
Serial Interface 



(See Note) 



NOTE: BRCLK Frequency 

MC68661-A = 4.1952 MHz 
MC68661-B = 4.1952 MHz 
MC68661-C = 5.0688 MHz 



FIGURE 1 - MC6809 to MC68661 Interface Connection, Schematic Diagram 
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001 


SERIAL .SA:1 




MC68661 ASYNCHRONOUS TEST 


00001 










TTL MC68661 ASYNCHRONOUS TEST 


00002 










OPT S,LLE=82 


00003 






AOOO 


A 


SERCOM EQU $A000 


00004 






A002 


A 


MODRGl EQU SERCOM+2 MODE REGISTER 1 ADDRESS 


00005 






A00 3 


A 


CMD REG EQU SERCOM+3 COMMAND REGISTER ADDRESS 


00006 






AOOO 


A 


TXREG EQU SERCOM TRANSMIT REGISTER ADDRESS 


00007 






AOOO 


A 


RXREG EQU SERCOM RECEIVE REGISTER ADDRESS 


00008 






AUU 1 


A 


STATRG EQU SERCOM+1 


00009 










* 


00010 










********************************************* 


00011 










* * 


00012 










* THIS PROGRAM EXCERCISES THE MC68661 EPCI * 


00013 










* AN INPUT FROM A CRT WILL WILL BE ECHOED * 


00014 










* BACK TO THE CRT. * 


00015 










* * 


00016 










********************************************* 


00017 










* 


00018 










********************************************* 


00019 










* * 


00020 










* VECTOR INITIALIZATION FOR IRQ. THIS * 


00021 










* ROUTINE IS FOR THE ASSIST09 MONITOR * 


00022 










* ONLY. * 


00023 










* * 


00024 










********************************************* 


00025 










* 


00026A 


0000 








ORG $0000 


00027 






0009 


A 


VTRSWP EQU 9 


00028 






OOOC 


A 


.IRQ EQU 12 


00029A 


0000 


30 


8D OFFC 




LE AX $1000, PCR ; IRQ HANDLER ADDRESS = $1000 


00030A 


0004 


86 


OC 


A 


LDA #.IRQ 


00031A 


0006 


3F 






SWI 


00032A 


0007 




09 


A 


FC B VTRSWP 


00033 










* 


00034 










******************************************** 


00035 










* * 


00036 










* MC68661 INITIALIZATION ROUTINE. * 


00037 










* ASYNCRONOUS MODE, 2 STOP BITS, 16X EXT * 


00038 










* CLOCK. * 


00039 










* * 


00040 










******************************************** 


00041 










* 


00042A 


0008 


1A 


10 


A 


ORCC #$10 ; MASK IRQ 


00043A 


000A 


CC 


CE05 


A 


LDD #$CE05 ; REGISTER INITIALIZATION 


00044A 


000D 


FD 


A002 


A 


STD MODRGl ; LOAD MODE REG 1 AND CMD REG. 


00045A 


0010 


3C 


EF 


A 


LOOP CWAI #$EF ; CLR IRQ MASK AND WAIT FOR IRQ 


00046A 


0012 


20 


FC 0010 


BRA LOOP 



FIGURE 2 - MC68661 Asynchronous Test, Software 
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PAGE 002 SERIAL .SA:1 



MC68661 ASYNCHRONOUS TEST 



00048 

00049 

00050 

00051 

00052 

00053 

00054 

00055 

00056A 

00057A 

00058A 

00059A 

00060A 

00061A 

00062A 

00063A 

00064A 

00065 

TOTAL 

TOTAL 



********************************************* 

* * 

* INTERRUPT HANDLER. INPUTS CHARACTERS THEN * 

* ECHOS THEM BACK THROUGH THE TRANSMITTER. * 

* * 
********************************************* 



1000 

1000 1A 

1002 B6 

1005 84 

1007 26 

1009 3B 
100A F6 
100D F7 

1010 3B 



ERRORS 00000--00000 
WARNINGS 00000--00000 







ORG 


$1000 






10 


A 


ORCC 


#$10 


I 


MASK IRQ 


A001 


A 


LDA 


STATRG 






02 


A 


ANDA 


#$02 




RECEIVER INTERRUPT? 


01 


100A 


BNE 


INPUT 










RTI 




> 


IF NOT RETURN AND WAIT 


AOOO 


A INPUT 


LDB 


RXREG 


» 


LOAD INPUT CHARACTER 


AOOO 


A 


STB 


TXREG 


> 


OUTPUT CHARACTER 






RTI 






RETURN AND WAIT FOR NEXT 






END 









.IRQ OOOC CMDREG A003 INPUT 100A LOOP 0010 M0DRG1 A002 RXREG AOOO 
SERCOM AOOO STATRG A001 TXREG AOOO VTRSWP 0009 

FIGURE 2 - MC68661 Asynchronous Test, Software 
(Concluded) 
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Interfacing the MPCC with the MC6809 MPU is slightly 
more involved than the EPC1. The MPCC transfers data on 
a 16-bit data bus; however, when the BYTE pin is asserted, 
data transfers for the 16-bit internal registers are accomplish- 
ed one byte at a time (assuming DO is connected to D8, Dl to 
D9, etc.). Refer to Figure 3. Data transfers are accomplished 
in the following MC6809 sequence: address and R/W are 
asserted immediately after CE is asserted (CE is derived from 
address decoding, thus the delay is inherent). For a read, 
DBEN is asserted and an access time later, the proper data 
appears on the bus specified by the register addressed. For a 



write, data must be valid 50 nanoseconds prior to the asser- 
tion of DBEN. The DBEN signal is generated by ANDing E 
with inverted Q. With this pulse, data easily meets the 50 
nanosecond setup time. Refer to the timing diagram in 
Figure 4 for further clarification. For the MC68652 1 MHz 
part, DBEN minimum is specified as 250 nanoseconds; 
however, the E-Q signal for a 1 MHz MC6809 will be 
somewhat shorter than this. Several 1 MHz parts were tested 
using the design of Figure 3 and all ran successfully at 1.5 
MHz; however, since it is not good design practice to violate 
a minimum specification, MRDY clock stretching for the 
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FIGURE 3 - MC6809 to MC68652 Interface Connection, Schematic Diagram 



434 



Y 



-'eye- 

I 



\ 



E-Q IDBEN) 



\ 



Addr, R/W 



1 



CE 



MPU Data (Write) 



MC68652 Read Data Output 



> 



/ 



K 'DBENH 



-4 



r 



Address, R/W Valid 



•* tDDQ- 



J 



tDHW 



Data Valid 



V 

y- 

U— tDD-»J tDHR U- 



TABLE OF PARAMETER DEFINITIONS 



Parameter 


Description 


MC68652_1 
MC6809 


MC68652_2 
MC68A09 


MC68652_2 
MC68B09 


Min 


Max 


Min 


Max 


Min 


Max 


icyc 


MPU E Clock Cycle Time 


1 )lS 




667 ns 




500 ns 




'DBENH 


Data Bus Enable High Time IE.Q) MPU 


180 ns 


230 ns 


95 ns 


130 ns 


120 ns 




<DBENH 


DBEN High Time Required by MPCC 


250 ns 




200 ns 




200 ns 




<DDQ 


Date Delay from Q MPU (Includes Delay from 74LS04 for 
Q Generation! 




180 ns 




120 ns 




90 ns 


<DD 


Data Valid Delay from MPCC 




200 ns 




170 ns 




170 ns 


tDSR 


'DBEN-'DD (MPCC) Data Setup Time 




50 ns 




30 ns 




30 ns 


'DSR 


Data Setup Time Required by MPU 


80 ns 




60 ns 




40 ns 





NOTES: 

1. All required MPCC setup times (Address, R/W, Data) are met by MC6809 at all clock speeds. 

2. MRDY clock stretching is required to meet the toeENH and tQSR specifications in all three cases. 

3. Q occurs 20 ns after O (74LS04 propagation delay). 



FIGURE 4 - MC6809 to MC68652 Timing Diagram 



435 



MC6809 may be necessary. For the faster MC68652 2 part, 

DBEN minimum is 200 nanoseconds; however, at 2 MHz the 
E»Q signal from the MC6809 is less than this. Again, all 

MC68652 2 parts tested ran successfully at 2.5 MHz; 

however, in this case MRDY stretching is recommended. The 
MC6809 MPU data sheet contains information for the 
MRDY signal generation. Future MC68652 devices will pro- 
vide for faster DBEN specifications to allow operation 
without MRDY. 

Interrupt generation may be accomplished by using the 
RxDA and TxBE pins from the MPCC. It should be noted 
that these pins are NOT open drain and must be buffered 
(and inverted) with a 74LS05 open collector inverter before 
being connected to the MC6809 MPU. 

The MPCC utilizes several pins to relay information con- 
cerning the transmitter and receiver state (e.g., transmitter 
under run — TxU, receiver status available — RxSA, 
receiver and transmitter active — RxA, TxA). While these 
pins are all possible sources of interrupts, a register contain- 
ing this same information provides for a much cleaner inter- 
rupt handler. Also, there are two pins provided to enable the 
receiver and the transmitter (RxE, TxE). The schematic 
diagram shown in Figure 3 contains hardware constructed 
from an MC8T97 and a 74LS74 dual D latch. The MC8T97 
allows the MPU to directly read the status of the RxSA, 
TxU, RxA, and TxA pins (on D0-D3). The 74LS74 allows the 
MPU to write and enable either the transmitter or the 
receiver via the TxE and RxE pins (on D0-D1). Addressing 
for this register is specified as SXXX8 (read or write) and 
follows directly after the internal MPCC register addressing. 
(See the software listing in Figure 5 for register bit positions.) 



A flowchart for a BOP transmission test is included in 
Figure 6. The software listing of the drivers is shown in 
Figure 5. This routine transmits up to 50 bytes stored in the 
MESSGE buffer to the 50 byte INPUT (receive) buffer. The 
number of bytes to be transmitted is stored in B YTECT . This 
program uses the RxDA pin to generate an F IRQ if the 
receiver is full and the TxBE pin to generate an IR Q if the 
transm itter is empty. By using both of these pins, the IRQ (or 
FIRQ) service routine does not need to determine the source 
of the interrupt, thus providing for mode efficient interrupt 
handling. Once the program has completed execution, it 
prints "Transfer Complete" if transmission was successful 
or "Receiver Error Occurred" if a receiver overrun was 
detected. No check is made for transmitter underrun or CRC 
error. The CRC may be specified by storing the proper code 
in the Parameter Control Sync/ Address Register (high byte). 
If CRC is used, provision should be made to read the RERR 
bit (bit 15 is the receiver Data/Status Register) to determine 
if correct data transfer has occurred. 



SUMMARY 

The MC6809 MPU, when interfaced with the MC68661 
and/or the MC68652, yields a highly efficient data com- 
munications system. The powerful MC6809 instruction set 
allows for minimum software overhead, thus reducing pro- 
cessor time required to operate the communications link. The 
MPCC and the EPC1 support virtually any existing com- 
munications protocol, therefore allowing the designer flex- 
ibility even after the hardware portion of the system is com- 
pleted. 
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MC68652 BOP TEST PROGRAM 



00001 

00002 

00003 

00004 

00005 

00006 

00007 

00008 

00009 

00010 

00011 

00012 

00013 

00014 

00015 

00016 

00017 

00018 

00019 

00020 

00021 

00022 

00023 

00024 

00025 

00026 

00027 

00028 

00029 

00030 

00031 

00032 

00033 

00034 

00035 

00036 

00037 

00038 

00039 

00040 

00041 

00042 

00043 

00044 

00045 

00046 

00047 

00048 

00049 

00050A 

00051A 

00052A 

00053A 

00054A 

00055A 

00056A 

00057A 

00058A 



6D00 
6D00 
6D02 
6D34 
6D35 
6D36 
6D69 
6D6B 
6D8F 



TTL 
OPT 



MC68652 BOP TEST PROGRAM 
S,LLE=85, ABS 



*************************************************** 

* * 

* THIS PROGRAM TESTS THE MC68652. * 

* MPCC BASE ADDRESS IS SC000. STATUS FLAGS APE * 

* AT SC008 READ (SEE BELOW). RX, TX ENABLE ARE AT * 

* $C008 WRITE. T HE M PCC SHOULD BE IN THE MAIN- * 

* TANENCE MODE. ( FIRQ=RXDA, RXSA; IRQ=TXBE ) * 



bit 3 



bit 2 



bit 1 



bit 



[RX STAT TRANS RCVER TRANS 

AVAIL UNDERRUil ACTIVE ACTIVE 

READ STAUS REGISTER ( STATFG=$C008 ) 
(BITS 4-7 ARE NOT USED) 



bit 3 



bit 2 



bit 1 



bit 



* NOT NOT RCVER TRANS * 

* I USED J I USED I ENABLE J I ENABLE J * 

* WRITE STATUS REGISTER ( STATFG=$C008 ) * 

* (BITS 2-7 ARE NOT USED) * 
*************************************************** 



* MC68652 REGISTER EQUATES 



C000 


A 


RXREG 


EQU 


SC000 


RECEIVE HOLDING REGISTER 


C001 


A 


RXSTAT 


EQU 


RXREG+1 


RECEIVE STATUS REGISTER 


C002 


A 


TXREG 


EQU 


RXREG+2 


TRANS HOLDING REGISTER 


C003 


A 


TXSTAT 


EQU 


RXREG+3 


TRANS STATUS REGISTER 


C004 


A 


PCSARL 


EQU 


RXREG+4 


CONTROL REGISTER 


C005 


A 


PCSARH 


EQU 


RXREG+5 


CONTROL REGISTER 


C007 


A 


PCRH 


EQU 


RXREG+7 


CONTROL REGISTER 


C008 


A 


STATFG 
* 


EQU 


RXREG+8 


(SEE ABOVE) 






* EXBUG I/O 
* 


ROUTINE EQUATES 


F015 


A 


XINCHN 


EQU 


$F015 


CHARACTER INPUT ROUTINE 


F024 


A 


XPDATA 


EQU 


$F024 


CR, LF OUTPUT STRING 


F027 


A 


XPDAT1 
* 


EQU 


?F027 


STRING OUTPUT 






* RAM WORK 
* 


SPACE 










ORG 


?6D00 




0002 


A 


INPTPR 


RMB 


2 


TEMP LOC. INPUT BUFFER POINTER 


0032 


A 


MESSGE 


RMB 


50 


BYTES TO BE SENT 


0001 


A 


CNTR 


RMB 


1 


NUMBER OF BYTES SENT 


0001 


A 


BYTECT 


RMB 


1 


NUMBER OF BYTES TO BE TXFERED 


0033 


A 


INPUT 


RMB 


51 


BYTES RECEIVED 


0A 


A 


MESG0 


FCB 


?0A,$0A 




20 


A 




FCC 


/ MC6809-MC68652 DATA COMMUNICATIONS/ 


20 


A 




FCC 


/ TEST LINK./ 



FIGURE 5 - MC68652 BOP Test Program 
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MC68652 


BOP TEST PROGRAM 


00059A 


6D9A 




0D 


A 




FCB 


$0D, $0A 


00060A 


6D9C 




20 


A 




FCC 


/ REV 1.4 11-4-81 TW/ 


00061A 


6DB2 




04 


A 




FCB 


$04 




6DB3 




0D 


A 


MESG1 


FCB 


$,0D, $0A, $0A, $0A, $0A 


000fi 


6DB8 




20 


A 




FCC 


/ ENTER NUMBER OF CHARACTERS TO/ 


00064A 


6DD7 




20 


A 




FCC 


/ TRANSMIT (01-50) : / 


00065A 


6DEA 




04 


A 




FCB 


$04 


00066A 


6DEB 




20 


A 


MESG2 


FCC 


/ ENTER CHARACTERS TO TRANSMIT: / 


00067A 


6E0B 




04 


A 




FCB 


$04 


00068A 


6E0C 




0A 


A 


MESG3 


FCB 


$0A, $0A, $07 


00069A 


6E0F 




20 


A 




FCC 


/ RECEIVED CHARACTERS: / 


00070A 


6E27 




04 


A 




FCB 


$04 


00071 










* 






00072 










* 






00073 










******************************************* 


00074 










* 


PROGRAM ENTRY POINT * 


00075 










* THIS 


ROUTINE PRINTS THE INITIAL HEADER * 


00076 










* AND 


PROMPTS 


FOR THE "BYTECT" INPUT AND * 


00077 










* CHARACTER "MESSGE" INPUT * 


00078 










******************************************* 


00079 










* 






000 80A 


7000 










ORG 


$7000 


00081A 


7000 


10CE 


7500 


A 


START 


LDS 


#$7500 INITIALIZE STACK POINTER 


00082A 


7004 


8E 


6D69 


A 




LDX 


#MESG0 OUTPUT HEADER MESSAGE 


00083A 


7007 


BD 


F024 


A 




JSR 


XPDATA " " 


00084A 


700A 


8E 


6DB3 


A 




LDX 


#MESG1 


0008SA 


700D 


BD 


F024 


A 




JSR 


XPDATA OUTPUT TRANSFER # REQUEST 


00086A 


7010 


BD 


F015 


A 




JSR 


XINCHN INPUT BYTECT NUMBER (HIGH) 


00087A 


7013 


80 


30 


A 




SUBA 


#$30 ASCII TO BCD 


00088A 


7015 


C6 


0A 


A 




LDB 


#10 CONVERT BCD TO BINARY 


00089A 


7017 


3D 








MUL 


■t ti ii 


00090A 


7018 


34 


04 


A 




PSHS 


B 


00091A 


701A 


BD 


F015 


A 




JSR 


XINCHN INPUT BYTECT NUMBER (LOW) 


00092A 


701D 


80 


30 


• A 




SUBA 


#$30 ASCII TO BCD 


00093A 


701F 


AB 


E0 


A 




ADDA 


,S+ ADD HIGH AND LOW AND RESTORE STACK 


00094A 


7021 


B7 


6D35 


A 




STA 


BYTECT CONVERSION COMPLETE SAVE VALUE 


00095A 


7024 


F6 


6D35 


A 




LDB 


BYTECT COUNTER FOR CHARACTER INPUT 


00096A 


7027 


8E 


6DEB 


A 




LDX 


#MESG2 PRINT CHARACTER INPUT PROMPT 


00097A 


702A 


BD 


F024 


A 




JSR 


XPDATA ' " 


00098A 


702D 


8E 


6D02 


A 




LDX 


#MESSGE 


00099A 


7030 


BD 


F015 


A 


IN 


JSR 


XINCHN INPUT TRANSMIT CHARACTERS 


00100A 


7033 


A7 


80 


A 




STA 


,X+ SAVE IN "MESSGE" BUFFER 


Pi<A 1 1 A 
uv iu in 


703 5 


5A 








DECB 


B CONTAINS BYTE TRANSFER COUNT 


00102A 


7036 


26 


F8 


7030 




BNE 


IN 


00103A 


7038 


8E 


7090 


A 




LDX 


#RCVE INITIALIZE INTERRUPT VECTORS 


00104A 


703B 


BF 


FFF6 


A 




STX 


$FFF6 


00105A 


703E 


8E 


7068 


A 




LDX 


#TNSMIT 


00106A 


7041 


BF 


FFF8 


A 




STX 


$FFF8 


00107 










******************************************* 


00108 










* 




* 


00109 










* INITIALIZATION ROUTINE FOR THE MC68652. * 


00110 










* 




* 


00111 










******************************************* 


00112 










* 






00113 










* 






00114A 


7044 


108E 


6D36 


A 




LDY 


#INPUT INITIALIZE INPUT BUFFER 


00115A 


7048 


10BF 


6D00 


A 




STY 


INPTPR SAVE IN TEMP STORAGE 


00116A 


704C 


7F 


6D34 


A 




CLR 


CNTR INIT. TXMIT LOOP COUNT 



FIGURE 5 - MC68652 BOP Test Program 
(Continued) 
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MC68652 BOP TEST PROGRAM 


00117A 


704F 


7F 


C007 


A 


CLR PCRH 8-BIT WORDS 


00118A 


7052 


86 


07 


A 


LDA #507 NO CRC 


00119A 


7054 


B7 


C005 


A 


STA PCSARH SET MODE 


00120 










****** 


00121 










* THE NEXT INSTRUCTION CAUSES THE 


00122 










* TXMITTER TO SEND ONE FILL 


00123 










* CHARACTER AT THE END OF THE 


00124 










* MESSAGE. THE RECEIVER WILL NOT 


00125 










* PICK UP THIS CHARACTER. THIS 


00126 










* IS DONE TO INSURE SYNCHRONIZATION 


00127 










* OF THE TWO ROUTINES RUNNING FROM 


00128 










* ONE PROCESSOR. IN A REAL COMM 


00129 










* SYSTEM RUNNING WITH MORE THAN ONE 


001 30 










* PROCESSOR THIS FILL WILL NOT 


00131 










* BE NEEDED. 


00132 










****** 


00133A 


7057 


7C 


6D35 


A 


INC BYTECT 


00134 










********************************************* 


00135 










* MAIN PROGRAM * 


00136 










* TSOM IS SET TO SEND INITIAL FLAG. * 


00137 










* TX AND RX ARE TURNED ON. TSOM CAUSES * 


00138 










* THE FIRST IRQ. SUCCESSIVE IRQ'S AND FIRQ'S* 


00139 










* ARE TAKEN BY THE CWAI INSTRUCTION. CWAI * 


00140 










* COULD BE REPLACED BY A USER PROGRAM AS * 


00141 








' 


* LONG AS INTERRUPT MASKS ARE NOT SET. * 


00142 










********************************************* 


001 4TA 


705A 


86 


01 




LDA #$01 SET TSOM TO SEND FLAGS 


(A ffi 1 AAA 


705C 


13 / 




A 


STA TXSTAT TO START TRANSMISSION 


00145A 


705F 


86 


03 


A 


LDA #503 TURN ON RECEIVER 


00146A 


7061 


B7 


C008 




STA STATFG AND TRANSMITTER 


00147 










* USER PROGRAM COULD GO HERE 


aa\ ara 


7064 


3C 


AF 




OVER CWAI #$AF 


00149A 


7066 


20 


FC 


7064 


BRA OVER CONTINUE UNTIL ALL SENT 


00150 










* 


00151 










******************************************** 


00152 










* TRANSMITTER IRQ HANDLER * 


00153 










* CHECKS FOR NUMBER OF BYTES TRANSMITTED * 


00154 










* AND THEN OUTPUTS A CHARACTER FROM THE * 


00155 










* MESSAGE BUFFER. IF ALL SENT THIS ROUTINE* 


00156 










* SETS TEOM FOR FINAL FLAG TRANSMISSION * 


00157 










******************************************** 


00158A 


7068 


1A 


50 


A 


TNSMIT ORCC #550 MASK IRQ AND FIRQ 


00159A 


706A 


B6 


6D34 


A 


LDA CNTR 




706D 


Bl 


6D35 




CMPA BYTECT HAS LAST CHAR BEEN SENT? 


00161A 


7070 


27 


0F 


7081 


BEQ TXEND IF SO SEND FLAG. 


00162A 


7072 


8E 


6D02 


A 


LDX #MESSGE 


00163A 


7075 


E6 


86 


A 


LDB A,X GET CHARACTER TO OUTPUT 


00164A 


7077 


F7 


C002 


A 


STB TXREG OUTPUT IT 


00165A 


707A 


7F 


C003 


A 


CLR TXSTAT CLEAR TSOM 


00166A 


707D 


7C 


6D34 


A 


INC CNTR INDICATE NUMBER SENT 


00167A 


7080 


3B 






RTI RETURN TO MAIN PROGRAM 


00168 










**** 


00169 










* NOW SET TEOM FOR FINAL FLAG 


00170 










* TRANSMISSION. WHEN FLAG IS 


00171 










* ALL SENT TXBE IRQ WILL CAUSE 


00172 










* THE PROGRAM TO CONTINUE FROM 


00173 










* THE SYNC INSTRUCTION. 


00174 










**** 



FIGURE 5 - MC68652 BOP Test Program 
(Continued) 
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MC68652 


BOP TEST 


PROGRAM 


00175A 


7081 


C6 


02 


A 


TXEND LDB 


#$02 


TEOM SET 


00176A 


7083 


F7 


C003 


A 


STB 


TXSTAT 




00177A 


7086 


13 






SYNC 




WAIT FOR TXBE IRQ 


00178A 


7087 


7F 


C003 


A 


CLR 


TXSTAT 


THEN CLEAR TXBE 


00179A 


708A 


86 


02 


A 


LDA 


#$02 


TURN OFF TXMITTER 


00180A 


708C 


B7 


C008 


A 


STA 


STATFG 


n n «■ * 


00181A 


708F 


3B 






RTI 




END OF TRANSMIT ROUTINE 


00182 










****************************************** 


00183 










* RECEIVER FIRQ HANDLER * 


00184 










* STORES RECEIVED CHARACTERS IN THE * 


00185 










* "INPUT" BUFFER. IF AN END FLAG IS RE- * 


00186 










* CEIVED THIS 


ROUTINE 


DETERMINES IF THE * 


00187 










* MESSAGE WAS 


VALID. 


* 


00188 










****************************************** 


00189A 


7090 


1A 


50 


A 


RCVE ORCC 


#$50 


; MASK FIRQ AND IRQ 


00190A 


7092 


34 


26 


A 


PSHS 


A,B,Y 


SAVE REGISTERS FOR RETURN 


00191A 


7094 


B6 


C008 


A 


LDA 


STATFG 


CHANGE IN STATUS? 


00192A 


7097 


85 


08 


A 


BITA 


#$08 




00193A 


7099 


27 


0D 


70A8 


BEQ 


STATOK 


NO CHANGE, CONTINUE 


00194A 


709B 


B6 


C001 


A 


LDA 


RXSTAT 


DETERMINE CAUSE OF STATUS CHANGE 


00195A 


709E 


85 


0A 


A 


BITA 


#$0A 


OVERRUN OR EOM? 


00196A 


70A0 


27 


06 


70A8 


BEQ 


STATOK 


IF NEITHER CONTINUE 


00197A 


70A2 


85 


08 


A 


BITA 


#$08 




00198A 


70A4 


26 


2C 


70D2 


BNE 


ERROR 


OVERRUN OCCURED 


00199A 


70A6 


20 


10 


70B8 


BRA 


RXEND 


EOM SET ROUTINE FINISHED. 


00200A 


70A8 


B6 


C000 


A 


STATOK LDA 


RXREG 


INPUT CHARACTER 


00201A 


70AB 


10BE 


6D00 


A 


LDY 


INPTPR 


FIND NEXT LOC. IN INPUT BUFFER 


00902A 


70AF 


A7 


A0 


A 


STA 


0, Y+ 


SAVE CHARCTER THERE 


00203A 


70B1 


10BF 


6D00 


A 


STY 


INPTPR 




00204A 


70B5 


35 


26 


A 


PULS 


A,B,Y 


RESTORE REGISTERS 


00205A 


70B7 


3B 






RTI 




AND RETURN 


00206 
















00207 










********************************************** 


00208 










* RECEIVER END ROUTINE * 


00209 










* INDICATES 


GOOD TRANSMISSION OF DATA. * 


00210 










* NORMAL EXIT BY RTI. 


FOR SIMPLICITY EXIT IS* 


00211 










* LBRA. 




* 


00212 










************* 


********************************* 


00213 










* 






00214 










* 






00215A 


70B8 


7F 


C008 


A 


RXEND CLR 


STATFG 


TURN OFF RECIEVER 


00216A 


70BB 


10BE 


6D00 


A 


LDY 


INPTPR 




00217A 


70BF 


86 


04 


A 


LDA 


#$04 


STORE AN EOT AT END OF BUFFER 


00218A 


70C1 


A7 


A4 


A 


STA 


, Y 


SO THAT STRING MAY BE PRINTED OUT 


00219A 


70C3 


8E 


6E0C 


A 


LDX 


#MESG3 




00220A 


70C6 


BD 


F024 


A 


JSR 


XPDATA 


OUTPUT "RECEIVED CHARACTERS: " 


00221A 


70C9 


8E 


6D36 


A 


LDX 


# INPUT 




00222A 


70CC 


BD 


F027 


A 


JSR 


XPDAT1 


OUTPUT CHARACTERS 


00223A 


70CF 


16 


FF2E 


7000 


LBRA 


START 


RUN PROGRAM AGAIN 


00224 










*********************************************** 


00225 










* 




* 


00226 










* 


ERROR HANDLER * 


00227 










* THIS ROUTINE REPORTS RECIEVER ERRORS ONLY * 


00228 










* NO ACTION 


IS TAKEN 


TO CORRECT THE ERROR. * 


00229 










* NORMAL EXIT SHOULD 


BE BY RTI. * 


00230 










*********************************************** 


00231A 


70D2 


8E 


70DE 


A 


ERROR LDX 


#EMSG 


PRINT ERROR MESSAGE 


00232A 


70D5 


BO 


F024 


A 


JSR 


XPDATA 





FIGURE 5 - MC68652 BOP Test Program 
(Continued) 
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MC68652 BOP TEST PROGRAM 






00233A 70D8 7F C008 A 




STATFG TURN OFF RCVER 






00234A 70DB 16 FF22 7000 


LBRA 


START RUN PROGRAM AGAIN 




00235A 70DE 52 A EMSG 


FCC 


/RECEIVER OVERRUN ERROR 


OCCURED./ 


00236A 70FD 0A A 


FCB 


?0A, ?0D, $04 






00237 


END 








TOTAL ERRORS 00000 — 00000 










TOTAL WARNINGS 00000-00000 










BYTECT 6D3 5 CNTR 6D34 EMSG 


70DE 


ERROR 70D2 IN 7030 


INPTPR 


6D00 


llNfUi D1JJD OLJOy l*ILO(]i 


6DB3 


MESG2 6DEB MESG3 6E0C 


MESSGE 


6D02 


OVER 7064 PCRH C007 PCSARH 


C005 


PCSARL C004 RCVE 7090 


RXEND 


70B8 


RXREG C000 RXSTAT C001 START 


7000 


STATFG C008 STATOK 70A8 


TNSMIT 


7 



FIGURE 5 - MC68652 BOP Test Program 
(Concluded] 
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^ Star; ^ 




IRQ, 
Initial 


FIRQ 
zation 







Initialize MPCC 
Byte Count 

and 
Word Length 
No CRC 
Operating Mode 




No - IRQ 





Yes 


Mask IRQ 
and FIRQ 
Store Volatile 
Registers 




— ( 







M ask 
IRQ and 
FIRQ 




Error 
or 
End 



No 



Get 
Received 
Character 

and 
Store It 



Restore 
Registers 
and 
Return 



No 



Yes 




Error 

? 



No 



Print 
Transfer 
Complete 



c 



Get Next 
Byte and 
Transmit 
It 



Print 
Error 
Message 



Clear 
TSOM Bit 
and Increment 
Count 



Stop 
(or Restart) 







Return 




Set TEOM Bit 
and Wait for 
IRQ to 
Indicate 
Sent 



(SYNC) 



Clear TEOM 
Bit and 
Turn Off 
Transmitter 



Return 



FIGURE 6 - BOP Transmit and Receive Test Program Flowchart 



AN-850 



MULTI-PROCESSOR CONTROLLER 
USING THE MC6809E AND 
THE MC68120 
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David L. Ruhberg 
and 

Michael C. Wood 
Microprocessor Applications Engineering 



As the demand for system performance increases, the 
design engineer is faced with the task of providing additional 
throughput. To obtain the increased performance, system 
flexibility should provide for additional expansion without 
the need for total redesign of the existing system. Two alter- 
natives are available to the designer in developing any 
microprocessor system: single processor and multi-processor. 
This application note investigates both alternatives and 
describes a basic multi-processor system using Motorola's 
MC6809E and MC68120. 

The single processor system is the more common approach 
in use, since one microprocessing unit (MPU) typically has 
been able to handle the system performance requirements. 
Hardware and software are both simpler with only one MPU 
on the bus; however, as system performance requirements 
continue to increase, the design engineer is faced with the job 
of either upgrading the system or redesigning a complete 
system. The characteristics of a single processor system 
should be reviewed before jumping into another single pro- 
cessor system redesign. Basically, the total growth of the 
single processor system is limited to the throughput rate of 
the MPU, so all future tasks and expansions must be taken 
into account at design time to avoid another complete system 
redesign. An MPU capable of handling all of the anticipated 
expansion must be selected. Thus, the MPU will not perform 
anywhere near its rated peak efficiency until the system is ex- 
panded. In any area where rapid system expansion is an- 
ticipated, the single processor system is a temporary solution 
at best. 

The multi-processor configuration can eliminate the ex- 
pansion problems which are present in a single MPU design. 
An interface containing a bus arbitrator and data transfer 
area common to both MPU buses could keep the buses 
separate and also allow the two systems to communicate. 
Thus, the simplicity of single bus systems can be maintained 



while obtaining the expansion capabilities of the multi- 
processor system. By adding more of these interfaces, the 
system expansion occurs by simply adding peripherals to an 
MPU bus. Two features utilized by the Motorola MC68120 
Intelligent Peripheral Controller (IPC) provide the bus ar- 
bitrator and data transfer area for a multiple MPU system 
just described. These features are six semaphore registers and 
128 bytes of dual-ported RAM. With the MC6809E MPU 
operating the system bus (master) and the MC68120 contain- 
ing the system bus interface, as well as the CPU controlling 
the local bus (slave), the system now has the best features of 
both the single and multi-processor approaches. 

TRADITIONAL MPU MULTI-PROCESSING 

One of the most common multi-processor schemes has 
been a bi-phase technique in which both processors operate 
from opposite phases of a system clock (see Figure 1). The 
memory and peripherals are accessed during each MPU clock 
high time. This scheme has the benefit of lower costs due to 
the presence of only one bus; however, some of the cost sav- 
ings may be consumed in circuitry required to synchronize 
the clocks and in buffers required to prevent bus contention. 
In order to debug the bi-phase system, most of the hardware 
and software in both of the MPU systems must be working. 
Also, care must be taken when all resources are available to 
both processors, as in this bi-phase configuration, to avoid 
inadvertently clearing status flags or making changes in 
RAM. The major drawback to this system is that the system 
is limited to two MPUs. 

The multiple bus configuration can simplify or eliminate 
most of the constraints and limitations of the bi phase ap- 
proach (see Figure 2) provided a simple bus arbitration 
scheme is available. The debugging of this type of system is 
' simplified since one bus can operate independent of the 
other, except when the buses need to communicate with each 
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other. This configuration also physically eliminates any 
chance of one processor accidently clearing any flags in the 
nonshared resources of the other system. There is no need to 
determine if the other processor is using the bus for more 
than one cycle (read-modify-write) since each processor has 
its own bus, thus eliminating any chance of bus contention. 
The bi-phase approach is limited to two processors, whereas 
this system is limited only by the throughput of the system 
(master) processor. 

DESCRIPTION OF THE BASIC SYSTEM 

Using the multiple bus scheme, the MC6809E-MC68120 
multi-processor pair can be used in many different applica- 
tions. One particular application could be a system in which 
the multi-processor pair is responsible for holding the 
pressure and temperature in a given system within certain 
limits (see Figure 3). To simplify matters, the application 
discussed here concentrates only on the MC6809E and 
MC68120 interface. 

HARDWARE 

The MC6809E MPU is one of the most advanced 8-bit 
microprocessor units on the market today. The M6809E (see 
Figure 4) contains two 16-bit index registers, two 16-bit in- 
dexable stack pointers, two 8-bit accumulators (which can be 
concatenated to form one 16-bit accumulator), and a direct 



page register that allows the direct addressing mode to be 
used throughout memory. 

The basic instructions of any computer are greatly en- 
hanced by the presence of powerful addressing modes. The 
M6809E has one of the most complete sets of addressing 
modes available on any microprocessor today. For example, 
the M6809E contains 59 basic instructions; however, due to 
these addressing modes, the M6809E will recognize 1464 dif- 
ferent variations of the basic instructions. It features an ex- 
ternal clock input which facilitates synchronizing the pro- 
cessor to an overall multi-processor system. Other hardware 
features include three-state control (TSC) inputs for control 
of internal bus buffers and the advanced valid memory ad- 
dress (AVMA) allows efficient use of common resources in a 
multi-processor system. Two outputs which facilitate multi- 
processor configurations are the last instruction cycle (LIC) 
output and the BUSY output. The LIC output indicates 
when an opcode fetch will occur. The BUSY output is a 
status line that indicates the need to hold off the bus transfer 
for the next bus cycle. The M6809E also contains three 
prioritized interrupts (NMl, IRQ, FIRQ) and a SYNC 
acknowledge output which allows synchronization to an ex- 
ternal event. These features make the MC6809E an easy 
MPU to incorporate into a multi-processor system. 

The MC68120 Intelligent Peripheral Controller (IPC) is a 
general purpose mask-programmable peripheral controller 
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designed to simplify the interface between two MPU buses. 
The MC68120 IPC is a single chip microcomputer containing 
the hardware elements necessary to interface multiple pro- 
cessors into one system. These hardware elements consist of 
dual-ported RAM and semaphore registers. The dual-ported 
RAM provides a means for the IPC, and other devices inter- 
connected on a system bus, to exchange data without affec- 
ting devices on a local bus. Six semaphore registers are used 
as a software tool in arbitrating between the system and the 
local bus. The IPC also contains 2K of mask-programmable 
ROM which allows the user to provide customized firmware 
for his application. A full-duplex, asynchronous, serial com- 
munications interface (SCI) with two data formats are 
available at a variety of baud rates. A 16-bit programmable 
timer consisting of a free-running counter which is in- 
cremented by the MPU E-clock is also incorporated in the 
IPC. The IPC also has up to 21 I/O lines available, depen- 
ding on which of the on-chip resources are being used. A 
block diagram of the MC68120 IPC is shown in Figure 5. 

In the application discussed here, the MC6809E-MC68120 
multi-processor pair is responsible for monitoring a 
temperature and pressure sensitive system and holding it 
within safe operating limits. The MC68120 is responsible for 
monitoring the analog-to-digital (A/D) converters (such as 
Motorola's MC14443) which reflect the temperature and 



pressure at various points within the system. The MC68120 
checks the data and, if it is not within a desired range, signals 
the MC6809E and passes the data. The MC6809E will then 
take the appropriate action. The implementation, as shown 
in Figure 6, consists of only one MC6809E and MC68120 in- 
terface although many more can be added in a similar man- 
ner. The system bus (MC6809E), as implemented, has IK of 
RAM, 2K of EPROM, and the MC68120 on it. The 
MC68120 is operated in an expanded multiplexed mode with 
2K of RAM, 2K of EPROM, and the demultiplexing latch 
(SN74LS373) on the bus. The MC68120 also has an RS-232 
interface connected to the transmit and receive pins on the 
SCI to utilize the resident monitor in the ROM on the 
MC68120. The detailed schematic of the implemented hard- 
ware is shown in Figure 7. The resident monitor allows the 
user to examine internal registers and the dual-ported RAM 
from the local bus with a terminal, as well as to develop and 
modify small programs. This ability greatly enhances the 
testability of the system. 

SOFTWARE 

The software needed for transfer of information in the 
multi-processor system is made much easier with the use of 
the semaphore registers and dual-ported RAM, located in the 
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IPC. The dual-ported RAM provides a vehicle for transfer- 
ring data between a system and local bus while keeping each 
bus isolated. Semaphore registers are provided as a software 
tool to arbitrate between shared resources such as the dual- 
ported RAM or peripheral devices. The semaphore registers 
may also be used to indicate that a task is in process or has 
been completed. 

Each semaphore register (as shown below) consists of a 
semaphore bit (SEM, bit 7) and an ownership bit (OWN, bit 
6). The remaining six bits (b0-b5) are not used and when 
read, will read zeroes. The semaphore bits are test and set 
bits with hardware arbitration during simultaneous accesses. 
Basically, the semaphore bit is cleared when written and set 
when read during a single processor access. 



available. Thus a write to any semaphore register clears the 
semaphore bit and makes the associated resources 
"available." 
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Semaphore Register 

A single processor semaphore bit truth table is shown 
below. During a write to a semaphore register, the data is 
disregarded and the semaphore bit is cleared. However, dur- 
ing a read, the data read from the semaphore bit can be inter- 
preted as: — resources are available, 1 — resources are not 



Single Processor Semaphore Bit Truth Table 

In passing data from the IPC to a system processor 
through the dual-ported RAM, the semaphore registers can 
be used to indicate to the system processor that data is ready. 
The system processor can poll, for example, on semaphore 1 
and when data is ready, the IPC CPU will write to 
semaphore i, thus clearing the semaphore bit. A simple poll- 
ing routine for the system processor is shown below. 
The system processor will always read a 1 in the semaphore 
bit of semaphore register 1 until semaphore register 1 is writ- 
ten to by the IPC CPU. This will clear the semaphore bit and 
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It may now be necessary for the IPC CPU to determine if 
the system processor reads the data from the dual-ported 
RAM in case more data needs to be sent. Another semaphore 
register could be dedicated for this purpose or the same 
semaphore register could be used again. Timing complica- 
tions could arise when reads and writes of the same 
semaphore register are occurring from both buses.- For exam- 
ple, if the IPC CPU wrote to semaphore 1 to. clear the 
semaphore bit and then polls on semaphore 1, the IPC could 
set the semaphore bit before the system processor detected it 
as clear. Therefore, to avoid an inadvertent set, a delay must 
be incorporated in the program between the read and write of 
the semaphore to guarantee that the semaphore bit was 
detected clear by the system processor. 

In token-passing applications, the ownership bits can be 
used to simplify the procedure. The ownership bit is a read- 
only bit that indicates which processor set the semaphore bit. 



When the semaphore bit is set, the ownership bit indicates 
which processor set it. When the semaphore bit is not set, the 
ownership bit indicates which processor last set the 
semaphore bit: OWN = 0, the other processor set it; 
OWN = 1 , this processor set SEM. After reset, all 
semaphores are set and the IPC owns all of them except 
semaphore 2 which the system processor owns. 

As mentioned earlier in the hardware section, this 
MC6809E-MC68120 system monitors the temperature and 
pressure in a typical system. Basically, the MC68I20 ac- 
cumulates and monitors the data. The data is transferred to 
the MC6809E either when the MC6809E requests it, at the 
end of 12 hours, or if the data is out of the desired range. The 
CPU on the local bus is responsible for reading the data from 
the A/D converters every 15 seconds. In this software, it is 
assumed that the data is formatted in such a way that both 
the temperature and pressure are available in one byte of 
data as shown below. 



MSB 



LSB 



TEMP 
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One Byte of Data from A/D Converter 

The 15 seconds are measured by using the internal timer of 
the MC68120. The timer sets a flag every 50 ms and after the 
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flag has been set 300 times, the data is read. After the data is 
read, it is stored in RAM and checked to determine if it is 
within the desired range. If not within the desired rang e, an 
error condition is realized. The MC68120 then pulls the IRQ 
line to the MC6809E low and begins dumping all the data (15 



second increments) to the MC6809E through the dual-ported 
RAM (SBO-EB). The MC68120 can hold up to 8 hours of 
data in 15 second increments. The MC68120 wjll also dump 
its 15 second data upon request from the MC6809E. Every 15 
minutes, the MC68120 stores the value into dual-ported 
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RAM ($80-AF)and if after 12 hours no error has occurred, it 
will dump its 15 minute data to the MC6809E via the dual- 
ported RAM. See Figures 8 and 9 for the MC68120 
flowchart and software. When the MC6809E receives data, it 
does two things: first it writes the data out to a printer via 
another MC68120 (perhaps an MC68122 — Cluster Terminal 
Controller; for more information, see the Motorola 
MC68122 Data Sheet); and second, if the transfer is a result 
of an error condition, the MC6809E stores the data in RAM. 
After the MC6809E stores the data into RAM, the last bytes 
of data are used to determine which way to modify the 
temperature and pressure and then modifies them according- 
ly (one increment up or down). These bytes are also used to 
calculate the temperature and pressure differential. If the dif- 
ferential exceeds a designated amount, the temperature and 
pressure are modified again (turned up or down) to compen- 
sate. (In this application, temperature and pressure are 
assumed to be directly related — increasing one automatical- 
ly increases the other.) The MC6809E then provides a signal 
via a semaphore register which causes the MC68120 to clear 
the IRQ line. The MC6809E also monitors an input from a 
display panel in which the operator could ask for a listing of 
15 second data. See Figures 10 and 11 for the MC6809E 
flowchart and software. The implemented portion of the 



MC6809E-MC68120 system is intended to show what is need- 
ed in the basic system and demonstrate the modularity of the 
software for expansion purposes. When the system requires 
expansion, more MC68120s can easily be added to the 
MC6809E bus. The added MC68120s will use the same soft- 
ware as the existing MC68120, and the MC6809E software 
will only require slight modification to p oll d evices and 
discern which MC68120 generated the low IRQ. The same 
service routines may be used that are now in service. 

EXPANDING THE BASIC SYSTEM 

Specific computational tasking is one of the many func- 
tions the MC68120 may perform. When time consuming 
functions need to be implemented, parallel processing 
becomes a viable alternative. This is easily accomplished by 
putting several MC68120s on the system bus. Simple data en- 
cryption is one example of the tasks the MC68120 can per- 
form. Others could include calculating trigonometric func- 
tions, fourier transforms, or other data processing needs. 

Expansion of the basic system by using additional 
MC68120s requires a method of interrupt distinction. The 
problem that arises when multiple interrupts are needed is 
that most microprocessors have only one nonmaskable and 
one (sometimes two) maskable interrupt inputs. Therefore, 
in larger systems, a large polling routine must be used to 
determine which device caused the actual interrupt. 

An ideal situation would be to have a separate input pin on 
the microprocessors for each interrupt required. However, it 
is not feasible to devote pins on the processor exclusively for 
this purpose when it can be done more economically with ex- 
ternal devices. 

By using the MC6828 Priority Interrupt Controller (PIC), 
each interrupt input to the processor could be easily expand- 
ed to have eight maskable interrupt inputs. The primary pur- 
pose of the PIC is to generate a modified address to ROM in 
response to prioritized inputs. The PIC assigns each interrup- 
ting device a unique ROM location which contains the start- 
ing address of the appropriate service routine. After the 
MPU detects and responds to an interrupt, the PIC directs 
the MPU to the proper memory location. The PIC simplifies 
multiple interrupt handling and interfacing it to the 
MC6809E is easily done. They can also be cascaded to allow 
more than eight interrupts. 

When servicing slow peripherals such as low baud rate ter- 
minals and printers, the MC68120 can relieve the host of 
these time consuming chores, formulate the data into bigger 
blocks, and allow the host to obtain the data all at once. The 
MC68122 (Cluster Terminal Controller) is a prime example. 

OVERCOMING SYSTEM PROCESSOR LIMITATIONS 

When expanding the multi-processor system, the limiting 
factor becomes the throughput of the system processor. The 
system processor must be able to service all the MC68120s in 
a system and still have time to process the information it has 
received. As this occurs, the tendency would be to shift more 
and more of the processing responsibility from the system 
processor towards the local processor. These MC68120s 
would then provide the system bus another level of 
MC68120s leaving the system processor free as communica- 
tions arbitrators for the lower level of MC68120s. 

CONCLUSION 

The MC6809E and the MC68120 utilize the semaphore 
registers and dual-ported RAM to provide an efficient multi- 
processor system that is easily expandable. This feature 
allows the engineer to design a system that has the capability 
of simple expansion and increases its time of usefulness. 
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1000 


A 


LDX' 


#$1000 


INIT. START DATA POINTER 


00069A 


E80F 


FF 


1783 


A 


STX 


SDPTR 




Wk)0 / 0A 


E812 


FF 


1785 


A 


STX 


EDPTR 


AND END DATA POINTER 


0007 1 










* 


TIMER 


COMES UP INIT. IN DESIRED MODE 


Ol (71 171 "7 T 7\ 


E8 1 5 


QC 

yo 


OK 1 

XJ 1 


A 


LDAA 


IRQHG 


CONFIGURE AND INIT . 


fx fx fx i n t\ 

0007 3A 


E8 1 7 


97 


03 


A 


STAA 


P2DR 


IRQ TO MC6809 


000 / 4A 


E819 


86 


01 


A 


LDAA 


#$01 




wwk) / da 


E81B 


97 


01 


A 


STAA 


P2DDR 




tJWW /bA 


E81D 


DC 


09 


A 


LDD 


TIMERR 


INIT. TIMER FOR 50 MSEC. 


(71 01 01 "7 7 a 
YJYJVJ 1 1 ft 


E8 IF 


n'i 

Lj 


iijL or 


A 

fi> 


ADDD 


#$EFBF 




01 Old 7ft a 
YJXJYJ 1 Oft 


E8 2 2 


DD 


0B 


ft 

ft 


STD 


TIMR0C 




Of 0101 7 Q a 
If 1010 / 7ft 




CE 


EB00 


A 


LDX 


#$EB00 


START ADDRESS FOR DATA 


oi oioi ftoi a 


E827 


FF 


178D 


A 


STX 


FROM 




f xj xj o jl n 


E82A 


CE 


0080 


A 


LDX 


#$0080 


INIT. NORMAL RAM POINTER 


iy icif O Zrt 


E82D 


FF 


178B 


A 


STX 


NRMPTR 


TO BEG. OF DUAL PORTED RAM 


01 £710lft T a 


E8 30 


86 


00 


A 


LDAA 


#$00 




0! oioift A a 

fOxJXjij *»ft 


to J z 


Q*7 


F0 


A 


STAA 


WHNO 




01 171(71 Q n 










* 






00086 










* CHECKING ON 


UPDATE DATA SEMAPHORE (#3) 


00087 










* 


(NO DATA PASSED IN REGISTERS) 


00088A 


E834 


96 


19 


A 


P0LL1 LDAA 


SEMPH3 


CHECK REQUEST 


ni fx o r» a 

00089A 


E8 36 


84 


80 


A 


ANDA 


#$80 


FOR MORE 


00090A 


E838 


26 


02 E83C 


BNE 


CONT1 


DATA 


/I/inn i 

00091A 


E83A 


8D 


IE E85A 


BSR 


DMPRAM 


GO DUMP IT 


fx rxf%c\ r t tv 
0009ZA 


E83C 


96 


08 


A 


C0NT1 LDAA 


TCSR 


CHECK FOR 


00kjy jA 


E83E 


84 


40 


A 


ANDA 


#$40 


TIMER FLAG SET 


00094A 


E840 


27 


F2 E834 


BEQ 


P0LL1 


BRA IF NOT SET 


(71 01(71 Q r 










* 






01 OiOkdG, 

ltd kstjy b 










* ENTERING 


THE 50 MSEC TIMEOUT SERVICE LOOP 


0101010*7 










* 






K/iy r7Qft 


E842 


96 


08 


A 


LDAA 


TCSR 


DUMMY READ TO CLEAR OCF 


01 01 Of Q Q a 






09 


A 


LDD 


TIMERR 


READ TIMER 


01 on oicta 

XJXJ L XJXjPi. 


TQ Aft 


i_ j 


EF9C 


A 


ADDD 


#$EF9C 


REINIT. TIMER - ADJUSTED TO COR- 


o\ on oi i a 
YjYj 1. Vj 1ft 


E849 


DD 


0B 


A 


STD 


TIMROC 


RECT FOR ADDED CYCLES OF ROUTINE 


oi oi i on a 
10*? iu Z ft 


E84B 


FE 


1780 


A 


LDX 


SECCTR 


INCREMENT 15 SEC. CTR. 


ami /in 
0010 JA 


E84E 


08 






XHX 






0104A 


E84F 


FF 


1780 


A 


STX 


SECCTR 




00105A 


E852 


8C 


012C 


A 


CPX 


#300 


CHECK IF 15 SECS. UP? 


00106A 


E855 


26 


DD E834 


BNE 


P0LL1 


BRANCH IF NOT (300 TIMES) 


00107A 


E857 


7E 


E8C9 


A 


JMP 


TMRSRV 


GO TO TIMER SERVICE ROUTINE 


00108 










* 






00109 










* THIS ROUTINE DUMPS 


THE RAM (15 SEC . DATA SAMPLES) 


001 10A 


E85A 


FC 


1785 


A 


DMPRAM LDD 


EDPTR 


CALC. SIZE OF DATA 


00111A 


E85D 


B3 


1783 


A 


SUBD 


SDPTR 


TO BE TRANSFERRED 


00112A 


E860 


FD 


1787 


A 


STD 


TXRMSZ 




00113A 


E863 


05 






LSLD 




CLEAR SIGN BIT 


00114A 


E864 


04 






LSRD 






00115 










* CONFIGURE SIZE IN 


FORMAT FOR DPR STORAGE 


00116A 


E865 


7C 


00F0 


A 


COUNT INC 


WHNO 


DIVIDING BY 60 
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1 












00117A 


E868 


83 


003C 


A 




SUBD 


#60 








00118A 


E86B 


2A 


F8 E 


365 




BPL 


COUNT 








00119A 


E86D 


7A 


00FO 


A 




DEC 


WHNO 








00120A 


E870 


C3 


003C 


A 




ADDD 


#60 


DONE 






00121A 


E873 


D7 


Fl 


A 




STAB 


RMDR 


SAVE REMAINDER 






00122 










"CHECK 


IF WHOLE NUMBER 


EQUAL ZERO 






00123A 


E875 


96 


FO 


A 




LDAA 


WHNO 








00124A 


E877 


81 


00 


A 




CMPA 


#00 








00125A 


E879 


27 


2B E8A6 




BEQ 


LAST 








00126 










* LOADING 


60 BYTES 


OF DATA TO DPR 






00127A 


E87B 


CC 


00B0 


A 


LOOP 


LDD 


#$00B0 


INIT. DPR PTR. 






00128A 


E87E 


FD 


1789 


A 




STD 


TEMP 








00129A 


E881 


FE 


1783 


A 


TLOOP 


LDX 


SDPTR 


GET MEMORY LOC & DATA 






00130A 


E884 


E6 


00 


A 




LDAB 


,X 








00131A 


E886 


08 








INX 




SET SDPTR UP FOR NEXT 






00132A 


E887 


FF 


1783 


A 




STX 


SDPTR 


TIME 






00133A 


E88A 


FE 


1789 


A 




LDX 


TEMP 


GET DESTINATION 






00134A 


E88D 


E7 


00 


A 




STAB 


, X 


STORE DATA 






00135A 


E88F 


08 








INX 




SET TEMP UP FOR NEXT 






00136A 


E890 


FF 


1789 


A 




STX 


TEMP 


TIME 






00137A 


E893 


8C 


OOEC 


A 




CPX 


tt?UULL 








00138A 


E896 


26 


E9 E881 




BNE 


TLOOP 


CHECK IF 60 BYTES TX 






00139A 


E898 


D7 


IB 


A 




STAB 


QFMPH5 


SET TX'FER SEMPH.- GIVES ' 


09 


"00" 


00140A 


E89A 


96 


1C 


A 


WAIT1 


LDAA 




CHECK IF OK TO PROCEED 






00141A 


E89C 


84 


80 


A 




AN DA 


^ fl n 
ff ? o U 








00142A 


E89E 


26 


FA E89A 




BNE 


tij a tti 
Yit\ 111 


BRANCH IF NOT OK 






00143A 


E8A0 


86 


00 


A 




LDAA 


jinn 
ff u u 


CHECK IF ALL 60 BYTE 






00144A 


E8A2 


91 


FO 


A 




CMPA 


WnNU 


BLOCKS ARE TX'FERRED 






00145A 


E8A4 


26 


D5 E87B 




BNE 


LOOP 


BRANCH IF NOT 






00146 










* TRANSFER 


REMAINDER 


OF DATA 






00147A 


E8A6 


CC 


OOBO 


A 


LAST 


LDD 


#$00B0 


BEGINNING OF TX'FER 






00148A 


E8A9 


FD 


1789 


A 




STD 


TEMP 


AREA 






00149A 


E8AC 


FE 


1783 


A 


ELOOP 


LDX 


SDPTR 


GET START ADDRESS 






00150A 


E8AF 


E6 


00 


A 




LDAB 


0,X 


GET DATA 






00151A 


E8B1 


08 








INX 




PREPARE FOR NEXT FETCH 






00152A 


E8B2 


FF 


1783 


A 




STX 


SDPTR 


AND SAVE 






00153A 


E8B5 


FE 


1789 


A 




LDX 


TEMP 


GET DESTIN. ADDRESS 






00154A 


E8B8 


E7 


00 


A 




STAB 


0,X 


STORE IN DPR 






00155A 


E8BA 


08 








INX 




PREPARE FOR NEXT STORE 






00156A 


E8BB 


FF 


1789 


A 




STX 


TEMP 


AND SAVE 






00157A 


E8BE 


FE 


1785 


A 




LDX 


EDPTR 


CHECK IF DONE 






00158A 


E8C1 


BC 


1783 


A 




CPX 


SDPTR 


CHECK IF DONE 






00159A 


E8C4 


26 


E6 E8AC 




BNE 


ELOOP 


BRANCH IF NOT TO END LOOP 






00160A 


E8C6 


D7 


IB 


A 




STAB 


SEMPH5 


SET TX'FER SEMPH.- GIVES 


09 


" 00 " 


00161A 


E8C8 


39 








RTS 




GOIN HOME 






00162 










* 












00163 










* 


TIMER SERVICE ROUTINE - ACCESSED EVERY 


15 


SECON 


00164 










* 












00165A 


E8C9 


7C 


1782 


A 


TMRSRV 


INC 


MINCTR 


INCREMENT 15 MIN. CTR. 






00166A 


E8CC 


CE 


0000 


A 




LDX 


#00 


CLEAR 15 SEC. CTR. 






00167A 


E8CF 


FF 


1780 


A 




STX 


SECCTR 








00168A 


E8D2 


FE 


178D 


A 




LDX 


FROM 


READ DATA 






00169A 


E8D5 


8C 


EB80 


A 




CPX 


#TO 


DUMMY ROUTINE FOR DATA 






00170A 


E8D8 


26 


06 E8E0 




BNE 


AROUND 


AQUISITION 






00171A 


E8DA 


CE 


EBOO 


A 




LDX 


#$EB00 








00172A 


E8DD 


FF 


178D 


A 




STX 


FROM 








00173A 


E8E0 


A6 


00 


A 


AROUND 


LDAA 


o,x 








00174A 


E8E2 


08 








INX 
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00175A 


E8E3 


FF 


178D 


A 




STX 


FROM 




00176A 


E8E6 


FE 


1785 


A 




LDX 


EDPTR 


GET NEXT OPEN LOCATION 


00177A 


E8E9 


A7 


00 


A 




STAA 


0,X 


STORE DATA THERE 


00178A 


E8EB 


08 








I NX 




INCREMENT AND CHECK 


00179A 


E8EC 


8C 


1780 


A 




CPX 


#$1780 


DATA POINTER FOR 


00180A 


E8EF 


26 


03 E8F4 




BNE 


DOVRN 


END OF RAM 


00181A 


E8F1 


CE 


1000 


A 




LDX 


#$1000 




00182A 


E8F4 


FF 


1785 


A 


DOVRN 


STX 


EDPTR 


SAVE END DATA POINTER 


00183A 


E8F7 


BC 


1783 


A 




CPX 


SDPTR 


CHECK FOR DATA OVERRUN 


00184A 


E8FA 


26 


07 E903 




BNE 


OK 




00185A 


E8FC 


CE 


1000 


A 




LDX 


#$1000 


DATA OVERRUN 


00186A 


E8FF 


08 








INX 




INCREMENT START 


00187A 


E900 


FF 


1783 


A 




STX 


SDPTR 


ADDRESS POINTER 


00188A 


E903 


81 


11 


A 


OK 


CMPA 


#LOW 


CHECK IF DATA IN 


00189A 


E905 


25 


21 E928 




BLO 


ERROR 


RANGE 


00190A 


E907 


81 


CC 


A 




CMPA 


#HIGH 




00191A 


E909 


22 


ID E928 




BHI 


ERROR 




00192A 


E90B 


F6 


1782 


A 




LDAB 


MINCTR 


DATA GOOD- CHECK IF 15 MIN . 


00193A 


E90E 


CI 


3C 


A 




CMPB 


#60 


COUNTER TIMED OUT YET? 


00194A 


E910 


26 


11 E923 




BNE 


GONE 


BRANCH IF NOT 


00195A 


E912 


FE 


178B 


A 




LDX 


NRMPTR 


IF SO STORE IT IN UPPER 


00196A 


E915 


A7 


00 


A 




STAA 


0,X 
#$AF 




00197A 


E917 


8C 


00AF 


A 




CPX 


CHECK IF DUAL PORTED RAM 


00198A 


E91A 


27 


29 E945 




BEQ 


DPRST 


OVERRUN- I F SO DMP & RESET 


00199A 


E91C 


08 








INX 






00200A 


E91D 


FF 


178B 


A 




STX 


NRMPTR 


UPDATE DATA PTR . FOR NEXT TIME 


00201A 


E920 


7F 


1782 


A 




CLR 


MINCTR 


REINIT. 15 MIN COUNTER TO 


00202A 


E923 


96 


17 


A 


GONE 


LDAA 


SEMPH1 


REGAIN OWNERSHIP OF SEMPH1 


00203A 


E925 


7E 


E834 


A 




JMP 


POLL1 


GET OUT OF ROUTINE 


00204 










* 








00205 










* ERROR ROUTINE 




00206 










* 








00207A 


E928 


D7 


17 


A 


ERROR 


STAB 


SEMPH1 


SET ERROR SEMAPHORE ( 1 ) 


00208A 


E92A 


C6 


00 


A 




LDAB 


#IRQLW 


PULL '09 IRQ LOW 


00209A 


E92C 


D7 


03 


A 




STAB 


P2DR 




00210A 


E92E 


96 


1A 


A 


KPLKNG 


LDAA 


SEMPH4 


CHECK FOR IRQ CLEAR SIGNAL 


00211A 


E930 


84 


80 


A 




AN DA 


#$80 




00212A 


E932 


26 


06 E93A 




BNE 


DMPCHK 


BRA IF ISN'T CLEAR 


00213A 


E934 


C6 


01 


A 




LDAB 


#IRQHG 


CLEAR 


00214A 


E936 


D7 


03 


A 




STAB 


P2DR 


•09 IRQ 


00215A 


E938 


20 


E9 E923 




BRA 


GONE 


GET OUT OF ROUTINE 


00216A 


E93A 


D6 


19 


A 


DMPCHK 


LDAB 


SEMPH3 


CHECK FOR REQUEST 


00217A 


E93C 


84 


80 


A 




AN DA 


#$80 


TO DUMP DATA IN RAM 


00218A 


E93E 


26 


EE E92E 




BNE 


KPLKNG 


KEEP LOOKING 


00 219A 


E940 


BD 


E85A 


A 




JSR 


DMPRAM 


DUMP THE RAM 


A f\ *1 ^ f\ n 

00220A 


E943 


20 


E9 E92E 




BRA 


KPLKNG 


WAIT FOR IRQ CLEAR 


no 9 9 l a 

U U Z Z J_ f\ 




Q7 

J 1 


18 


A 


DPRST 


STAA 


SEMPH2 




00222A 


E947 


C6 


00 


A 




LDAB 


#IRQLW 


PULL "09 IRQ LOW 


00223A 


E949 


D7 


03 


A 




STAB 


P2DR 




00224A 


E94B 


96 


1A 


A 


WAIT 


LDAA 


SEMPH4 


CHECK REQUEST TO CLR IRQ 


00225A 


E94D 


84 


80 


A 




AN DA 


#$80 


WAITING ON '09 


00226A 


E94F 


26 


FA E94B 




BNE 


WAIT 




00227A 


E951 


C6 


01 


A 




LDAB 


# I RQHG 


CLEAR 


00228A 


E953 


D7 


03 


A 




STAB 


P2DR 


'09 IRQ AND 


00229A 


E955 


7F 


178B 


A 




CLR 


NRMPTR 


RESET NORMAL RAM POINTER 


00230A 


E958 


7F 


1782 


A 




CLR 


MINCTR 


RESET 15 MIN. COUNTER TO 


00231A 


E95B 


20 


C6 E923 




BRA 


GONE 


00232 












END 
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TOTAL ERRORS 00000-00000 



E8E0 


AROUND 


E83C 


C0NT1 


E865 


COUNT 


E93A 


DMPCHK 


E85A 


DM PRAM 


E8F4 


DOVRN 


E945 


DPRST 


1785 


EDPTR 


E8AC 


ELOOP 


E928 


ERROR 


178D 


FROM 


E923 


GONE 


OOCC 


HIGH 


0001 


IRQHG 


0000 


IRQLW 


E92E 


KPLKNG 


E8A6 


LAST 


E87B 


LOOP 


0011 


LOW 


1782 


MINCTR 


178B 


NRMPTR 


E903 


OK 


0001 


P2DDR 


0003 


P2DR 


E834 


POLL1 


00F1 


RMDR 


1783 


SDPTR 


1780 


SECCTR 


0017 


SEMPH1 


0018 


SEMPH2 


0019 


SEMPH3 


001A 


SEMPH4 


001B 


SEMPH5 


001C 


SEMPH6 


0008 


TCSR 


1789 


TEMP 


0009 


TIMERR 


000B 


TIMROC 


E881 


TLOOP 


E8C9 


TMRSRV 


EB80 


TO 


EBOO 


TXDCR 


1787 


TXRMSZ 


E94B 


WAIT 


E89A 


WAIT1 


OOFO 


WHNO 



00170 
00090 
00116 
00212 
00091 
00180 
00198 
00042 
00149 
00189 
00056 
00194 
00050 
00054 
00052 
00210 
00125 
00127 
00048 
00037 
00047 
00184 
00011 
00010 
00088 
00033 
00040 
00035 
00025 
00026 
00027 
00028 
00029 
00030 
00012 
00045 
00013 
00014 
00129 
00107 
00057 
00039 
00044 
00224 
00140 
00031 



00173 
00092 
*00118 
00216 
00110 
00182 
00221 
*00070 
*00159 
00191 
"00080 
00202 
*00190 
*00072 
*00208 
*00218 
00147' 
*00145 
*00188 
*00067 
00082 
00188' 
*00075 
*00073 
*00094 
*00121 
*00069 
*00066 
*00202 
*00221 
00088 
*00210 
*00139 
*00140 
*00092 
*00128 
00076 
00078 
00138 
00165' 
*00169 
* 

*00112 
*00226 
*00142 
*00084 



*00219 



00110 00157 00176 00182 
00207* 

00168 00172 00175 
•00215 00231 

00213 00227 
00222 
00220 



00165 00192 00201 00230 
00195 00200 00229 



00209 00214 00223 00228 

00106 00203 

00111 00129 00132 00149 00152 00158 00183 00187 

00102 00104 00167 

00207 

00216 
00224 
00160 

00098 

00133 00136 00148 00153 00156 

00099 

00101 



00116 00119 00123 00144 
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nnnni 

UUUUJ. 












* 








U UUU z 












* 








UUUUJ 














OPT 


ABS , LLE 


=85,S,CRE 














* 








00005 












* 








n nnn.fi 

UUUUD 












* THIS IS THE CODE THAT ALLOWS THE MC6809E TO 


u u u u / 












* 


INTERFACE WITH THE MC68120 IN A y 


u u u u o 












* 


MULTIPROCESSOR CONFIGURATION 


u u u uy 












* 








00010 












* 








00011 












* 








00012 






0017 






SEMPH1 


EQU 


$17 


ERROR SITUATION 


UUU1 J 






U U i o 






SEMPH2 


EQU 


$18 


NORMAL RAM DUMP 


00014 






0019 






SEMPH3 


EQU 


$19 


RQST FOR DATA (15 SEC INCR.) 


0015 






001A 




A 


SEMPH4 


EQU 


$1A 


IRQ CLEAR 








u U ID 




» 


SEMPH5 


EQU 


$1B 


60 BYTE BLOCK OF DATA FLAG 


00017 






01C 




A 


SEMPH6 


EQU 


$1C 


60 BYTE BLOCK OF DATA FLAG 


00018 






0OF0 




A 


WHNO 


EQU 


$F0 


WHOLE NUMBER OF 60 BYTE BLOCKS 


n n n i q 
u u u l y 












* 






TO BE MOVED 


f\ n r\ r\ 

00020 






00F1 




A 


RMDR 


EQU 


$F1 


REMAINDER OF THE 60 BYTE BLOCK 


00021 












* 






TO BE MOVED 


a n a ^ '1 

00022 






0100 






LOWER 


EQU 


$100 


WHEN THIS ADDRESS IS WRITTEN 


00023 












* 






TO, THE SYSTEM T&P IS LOWERED 


00024 






0101 




ft 


RAISE 


EQU 


$101 


WHEN THIS ADDRESS IS WRITTEN 


00025 












* 






TO, THE SYSTEM T&P IS RAISED 


00026 






12F0 






CMPTMP 


EQU 


$12F0 


TEMP. STORAGE FOR COMPARE 


00027 












★ 






{2 bytes) 


n n n i o 
UO 2o 






12F2 




A 


LAST1 


EQU 


$12F2 


SLOPE POINT VALUES (1 byte) 


s\ r\ r\ r\ 

00029 






12F3 




A 


DTAREQ 


EQU 


$12F3 


BUTTIN REQUEST FOR DATA 


00030 












* 






(l-request;0-no request) 


00031 












* 








00032 












* 








00033 












* 








n n n i a a 
U UU J 4A 


F800 












ORG 


$F800 




35 












* 








0036 












* 








00037 












* 


INITIALIZATION ROUTINE 


n n ft o r 

00038A 


F800 


10CE 


13FF 






START 


LDS 


#$13FF 


INIT. STACK 


00039A 


F804 


86 


00 




ft 




LDA 


#$00 


INIT. BUTTON REQ . FOR 


00040A 


F806 


B7 


12F3 




ft 




STA 
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MOTOROLA MC6845 CRTC SIMPLIFIES 
VIDEO DISPLAY CONTROLLERS 

Prepared by 
Charles Melear and Jack Browne 
Microprocessor Applications Engineering 



The need for displaying visual information by the general 
business community has found widespread applications. 
Banks, airports, department stores, and other businesses 
need rapid display of visual information at points of sale and 
points of use. Much of this information is generated by peo- 
ple who have only a limited knowledge of the electronics in- 
volved. Therefore, they must rely on the equipment used to 
automatically receive data, digest it, and display it on a video 



monitor. Systems could range in complexity from those 
which display only a few lines of data to complicated word 
processors. Historically, character printers gave way to line 
printers. However, obtaining hard copy is cumbersome and 
slow, and a considerable amount of paper is used. Much of 
this information is used only momentarily and then discard- 
ed, such as inventory checks or airport flight schedules. The 
efficiency of low cost, high performance video monitors have 
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made the transition from hard copy to visual display even 
more advantageous. As video monitors have come into 
general use, the requirement for cost savings in the controller 
has intensified. LSI circuits have been appearing which meet 
that need. 

The Motorola MC6845 CRT controller (CRTQ can 
economically solve many of the problems encountered with 
video monitor displays. This is acomplished by using an in- 
novative design aimed at complete control of the monitor 
with intervention by the MPU only when new information is 
put into the display memory. The problems to be solved by 
the MC6845 in a raster scan video display controller are: 
cost, number of required components, amount of interven- 
tion by MPU, timing and synchronization of signals, and 
software, among others. 

Today, CRT controllers can be built using an MC6845 
which require approximately 25 ICs plus the extra chips re- 
quired for memory. This number represents only a fraction 
of the parts required just a few years ago when SSI and MSI 
logic devices were used. CRT controllers were built using SSI 
and MSI logic devices which required well over one hundred 
ICs. With the MC6845 approach, the number of ICs can be 
reduced to approximately 25 plus those required for 
memory. 

To illustrate the capabilities of an MC6845 based terminal, 
the software and "rough" hardware considerations used in 
its design are discussed. The terminal, as shown in Figure 1, 
has the following features: 

Blinking Cursor Move Cursor Up One Line 

Carriage Return Paging 
Backspace Home Cursor 

Line Feed Clear Screen 

Automatic Scrolling 

The CRTC has an address register that can point to any 
one of eighteen buried registers as shown in Figure 2. These 
can be programmed for up to 256 characters per row and 128 
rows per screen with the only limitation being the bandwidth 
of the monitor. For this terminal, an 80 by 24 format of 7 by 
9 dot matrix characters is used. Horizontal and vertical sync 
positions are programmable allowing the CRTC to generate 
the horizontal and vertical retrace pulses. A blanking signal 
(display enable) is generated during both horizontal and ver- 
tical retrace. Two sets of address lines are used. The first set 
of fourteen lines cycles in a binary fashion through the 
display memory and is incremented with each CRTC clock 
pulse. The second set of four lines can be used to address the 
row address select lines of a character generator. These also 
cycle in a binary fashion and are incremented with each 
horizontal sync pulse. A cursor, which may be programmed 
to blink, is also generated by the CRTC. It will be displayed 
at the address held in the CRTC cursor address register. 

SYSTEM IMPLEMENTATION 

Figure 3 represents a complete MC6808-MC6845 based 
system capable of receiving a digital input, processing it, and 
displaying alphanumeric data on a video monitor. The tim- 
ing for the system is derived from a dot clock oscillator. Its 
frequency determines the rate at which information is shifted 
to the monitor. The dot clock oscillator output is divided by 
a counter to obtain the character rate clock. For a 9 column 
by 12 row character block which accommodates a 7 by 9 
character, binary 8 is detected at Q3 on the counter and the 
resulting inverted output is fed into the synchronous clear in- 
put of the counter. For a 7 by 9 block, a logic gate could 
detect binary 6 on Q0, Ql, and Q2. It is important to use a 
counter with a synchronous clear so the clear pulse will be 
one dot clock period wide. The character clock (generated by 



the rising edge of Q3) serves as a shift/load signal for the out- 
put shift register and a clock to latch data from the display 
memory. The CRTC clock (generated by the trailing edge of 
Q2) is used to clock the MC6845 CRTC. Each character rate 
clock increments the address lines (MA0-MA13) of the 
MC6845. The display memory must be capable of being con- 
trolled by either the MPU or the CRTC. Therefore, the ad- 
dress lines for both devices (A0-A13 and MAO-MA 13) are 
routed through multiplexers such as the SN74LS157. The 
MPU takes control of the display memory only when a new 
character is to be written. The output of the multiplexer ad- 
dresses the memory. 

As shown in Figure 3, the 8K x 8 static display memory re- 
quires 10 address lines for the address bus of the memory 
elements and 3 address lines for the 3-to-8 line decoder which 
drives the chip selects of the memory elements. The output of 
the display memory is fed into an 8-bit latch (74LS374) and is 
clocked into the latch on the next character clock. This latch 
helps to prevent address line jitter which could present 
spurious data to the character generator ROM. The character 
clock is used to latch data into the SN74LS374. This creates a 
one character clock delay from the time that an address 
becomes valid to the memory until data is presented to the 
character generator ROM. The character clock is also used to 
load the parallel word from the character generator ROM in- 
to the shift register, producing a second character clock 
delay. Once the shift register is loaded the dot clock is used to 
serially shift data from the shift register to the video driver. 

In order to synchronize both the display enable and cursor 
output with the shift register output, a two CRTC clock 
delay must be imposed. Both signals are synchronous with 
the CRTC address lines. To implement this delay, the two 
signals (cursor and display enable) are clocked through two 
latches by the noninverted character clock and fed into the 
video driver. The video signal is the combination of the 
shifted data ORed with cursor and then ANDed with Display 
Enable. This is fed into a "D" flip-flop and clocked out by 
the dot clock. 

The CRTC generates row addresses for the character 
generator ROM. Cycling is synchronized within the CRTC 
by the horizontal sync pulse (HSYNC) so that the address 
lines are incremented by each HSYNC. 

When the MPU is required to read or write to the display 
memory, the address line multiplexer must be switched to the 
MPU address lines. Since the display memory is located from 
$0000 to S3FFF, address lines A15 and A14 will both be logic 
"0" if and only if the display memory is being addressed. 
Therefore, only "00" needs to be decoded on these two lines 
as an MPU address select line. In normal operation where the 
CRT controller is controlling the display memory, the secon- 
dary data bus is being driven by the display memory. Also, 
the MPU data bus is being driven by the MPU or some other 
peripheral. This requires that the two data buses be isolated 
from each other except during an MPU read or write of the 
display memory. This requires bus transceivers that can be 
set to the high-impedance state in both directions. These are 
shown in Figure 2 as three MC6885 Hex Buffer-Inverters. (If 
octal buffers are used, only two are required.) 

To complete the entire system, RAM, ROM, and I/O in- 
terface circuitry is placed on the data buses. The RAM is 
used primarily for a scratch pad memory and the locations 
accessed by the stack pointer register. The ROM contains the 
operating program to service the I/O interface. The I/O in- 
terface can be a keyboard outputting parallel ASCII code or 
row/column information. As long as some method can be 
programmed to receive digital data and transfer it onto the 
data bus, the CRT controller, using an MC6845, can display 
that information on a video display. 
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FIGURE 3 - MC6808-MC6845 Display Terminal, Schematic Diagram 



DEVICE IMPLEMENTATION 

The MC6845 CRTC has 18 programmable registers 
(R0-R17 in Figure 2) that control: the horizontal and vertical 
sync, number of characters per row, number of scan lines per 
row, number of rows per screen, the portion of memory to be 
displayed, cursor format and position, and the choice of one 
of three interlace modes. 

The first four registers, RO through R3, are concerned with 
the horizontal format. These registers determine the number 
of characters to be displayed, their width, and horizontal 
position. Programming considerations are based on the 
period of the monitor, i.e., the sweep plus retrace time. Also, 
the horizontal sync pulse should occur slightly after the beam 
is driven past the right-hand side of the screen. It is impor- 
tant to note that the beam is overdriven on the left side of the 
screen as well as the right. This means that a certain time 
elapses between the horizontal sync pulse and when the beam 
sweeps onto the screen from the left and is at the position for 
it to start displaying data. 
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The period of the monitor should be divided into character 
times (see Figure 4). This will define the width of a character 
block and this value will be stored in the Horizontal Total 
Register (RO). A video monitor will require about 20% of the 
period to be reserved for retrace (see Figure 5), as opposed to 
about 35% for a TV. This means that the Horizontal 
Displayed Register (Rl), which contains the number of 
characters to be displayed per row, will not usually exceed 
about 80% of the value in RO. If RO contains a very small 
number, each character will be very wide. Likewise, if RO 
contains a large number, the characters will be very narrow. 
The Horizontal Sync Position Register (R2) is programmed 
in character times and should be positioned such that it will 
occur slightly after the beam is driven past the right margin 
of the screen. The Horizontal Sync Width Register (R3), pro- 
grammed in character times, should provide sufficient width 
to allow the discharge of the circuitry driving the horizontal 
sweep. It should be noted that the value in RO usually exceeds 
the sum of the values in R2 and R3. This is to allow for the 
time required for the beam to sweep onto the screen from the 
left margin since it could be overdriven to the left. 



Four registers, R4-R7, are used to set up the vertical for- 
mat (see Figure 6). The frequency of the horizontal oscillator 
and the vertical refresh rate must be known. Generally, the 
vertical refresh rate is 60 Hz. The horizontal frequency, 
usually 15,750 Hz, divided by the frame refresh rate is equal 
to the total number of scan lines per frame. The vertical sync 
pulse requires 16 scan lines. This means that the programmer 
cannot use the total number of scan lines for information 
display. A character block which contains the character to be 
displayed, plus spacing columns to the right and additional 
scan lines on the bottom, is chosen by the programmer. 
Typically, a character generator ROM with a 7 x 9 matrix ele- 
ment will be placed in a 9x 12 character block. The Vertical 
Total Register (R4) contains the number of character rows 
per screen which is equal to the total number of scan lines 
divided by the height of the character block. This height is 
programmed in scan lines and placed in the Max Scan Line 
Address Register (R9). The number of scan lines left over is 
written into the Vertical Adjust Register (R5). All scan lines 
must be accounted for so the CRT controller will exactly 
match the vertical refresh rate; otherwise, the display will 
"swim" or have a wavy motion. The Vertical Displayed 
Register (R6) contains the number of character rows that the 
programmer wishes to be displayed. The Vertical Sync Posi- 
tion Register (R7) contains the position of the vertical sync 
pulse. This number, programmed in character times, must be 
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FIGURE 6 - Vertical Timing 
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greater than or equal to the Vertical Displayed Register (R6), 
but not so much greater that it shifts the last rows of the 
displayed text off the bottom of the screen. Once these 
registers are set up, the raster is completely defined. 

Three operating modes are available with the MC6845 
which have to do with which field (odd or even) that infor- 
mation is written into. The first mode, Normal Sync, writes 
information into one field only (see Figure 7). Remember, 
one frame requires two vertical sweeps of the screen. The 
first sweep (even field) starts at the upper left corner of the 
screen and the second sweep (odd field) starts at the top 
center. When writing into one field, each dot will be updated 
60 times per second. 



Raster 
Add. 



1 — e- 

2- e- 

3- e- 
4 — e- 

5- e- 

6- e- 

7- e- 



Rastef 
Add 

























- 












' - 



Master 
Add. 



Normal 
Sync 



Interlace 
Sync 



^3 
^5 
-7 



Even Field 

Odd Field 

Interlace 
Sync and Video 



FIGURE 7 - Interlace Mode (R8) 

The second mode, Interlace Sync, writes in both fields. 
The odd field is an exact duplicate of the even field. Essen- 
tially, the same information is written twice. This has the ad- 
vantage of making the letters appear to have solid vertical 
lines thus improving resolution. However, each dot is now 
refreshed only 30 times per second which may cause an ob- 
jectionable flicker on the screen. This flicker cannot be 
perceived by all people due to variances in eye sight. Also, 
the persistance of the phosphor will moderate the effect of 
the flicker. 

The third mode, Interlace Sync and Video, also writes in 
both fields. However, one half the character is written in 
each field. This means an eight row character block in this 
mode will have four scan lines in the even field and four in 
the odd field making a character only half the height of the 
other two modes. This allows the highest screen density for 
the MC6845. These modes are programmed in the Interlace 
Mode Register (R8). 

The MC6845 also controls the cursor format and blink rate 
(see Figure 8). Each character row has a certain number of 
scan lines as defined by the Max Scan Line Address Register 
(R9). The Cursor Start Register (RIO) specifies on which scan 
line the cursor begins. Also, this register contains a bit that 
specifies whether the cursor will blink or not blink. Another 
bit specifies the blink rate which is either one sixteenth or one 
thirty second of the field rate. 

The Cursor End Register (Rl 1) specifies the scan line at the 
bottom of the cursor. If the same number is specified for 
both the starting and ending scan line, the cursor will be one 
line tall. 

There are six remaining registers. The Start Address 
Registers High (R12) and Low (R13), contain the address of 
the first byte of memory to be displayed after vertical retrace. 
The Cursor Registers High (R14) and Low (R15) contain the 
address where the cursor will appear. The Light Pen 
Registers High (R16) and Low (R17) will receive the current 
address appearing on the CRT control address lines follow- 
ing the recognition of the low-to-high transition of the light 
pen strobe (LPSTB) input. Once the LPSTB low-to-high 
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FIGURE 8 - Cursor Start and End Register 

transition is recognized, the next low-to-high CRTC clock 
transition latches the address information and loads it into 
the Light Pen Register. These registers are used primarily by 
the programmer who writes the software for the terminal. 
The method in which they are used is discussed in the soft- 
ware considerations portion of this application note. 

In order to complete the hardware discussion, the dot 
clock and character clocks must be defined. The character 
clock rate will be the product of the horizontal oscillator fre- 
quency and the total horizontal character times described in 
calculating the value for R0. The dot clock will be the pro- 
duct of the character rate clock and the width of the 
character block in columns. This requires a different dot 
clock for each screen format. 

SOFTWARE IMPLEMENTATION 

Once the system has been defined, software development 
may begin. The firmware residing in ROM will initialize and 
support the terminal. When power is applied to the system, 
the MPU automatically jumps to the reset address stored in 
location SFFFE and SFFFF. This address is the beginning of 
the initialization sequence. 

After a power-on-reset, the display memory is initialized 
(to avoid a flash of false data), the eighteen buried registers 
of the CRT controller are initialized, and characters are ac- 
cepted from the keyboard. Some control characters will be 
decoded to implement the following features: 

Carriage Return Move Cursor Up One Line 

Backspace Paging 

Line Feed Home Cursor 

Clear Screen 

Scrolling up or down will be done automatically as required. 

The software was developed using the concepts of struc- 
tured programming. The first two routines which were writ- 
ten support the hardware development and debugging. The 
first routine is named CHARGN and its flowchart is shown 
in Figure 9. This routine initializes the display memory with 
successive ASCII character codes which help identify ad- 
dressing problems. The second routine is named CRTINT 
and initializes the CRT controller (see flowchart in Figure 
10). The register values to implement an 80 by 24 display are 
read from the ROM and stored into the buried registers of 
the CRT controller. Again, it is important to initialize the 
display memory prior to initializing the MC6845, to avoid a 
flash of false data. After the system has been initialized by 
running this program (as listed in Figure 11), waveforms, 
timing, and data may be checked, thus speeding the design 
phase. 
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FIGURE 10 - CRTINT Subroutine Flowchart 

Initializes the CRTC registers with the previously 
calculated values stored in the ROM. 
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FIGURE 9 - CHARGN Subroutine Flowchart 

Loads ASCII character codes into display memory. 
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FIGURE 11 - CRT DEM Listing 

This program, resident in PROM, will initialize the display memory 
with successive ASCII characters. This will allow initial checkout of 
the hardware. 
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These routines must be modified and additional routines 
written to implement all of the features of the terminal. A 
MONITOR program (see flowchart in Figure 12) is called by 
the reset vector stored in the ROM. Under control of the 
monitor program, the stack pointer is initialized at the end of 
the RAM (address SA07F), the self-modifying sections of 
code are dumped to the RAM, and all variables are initializ- 
ed. 

The BLANKR subroutine is then called. It is a revision of 
the CHARGN subroutine (see flowchart in Figure 9 and 
listing in Figure 11). Instead of stepping through the entire 
ASCII character code, the ASCII blank code ($20) is stored 
in the display memory. After the display memory has been 
filled with blanks, the CRTINT subroutine, discussed 
previously, is called. 

The monitor program calls CHARRC, a subroutine which 
accepts and processes a character. Control is returned to the 
monitor program which in turn loops on the CHARRC 
subroutine call. The result is that the terminal continuously 
accepts characters. A flowchart of CHARRC appears in 
Figure 13. The CHARRC subroutine calls the input 
character subroutine INCH (see flowchart in Figure 14), 
which receives one keyboard entry. 
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FIGURE 12 - MONITOR Program Flowchart 

Calls aH routines required to implement the terminal. 




Yes 



(jMP PAGE^ 


Yes 








(jMP HOME^ 


No 








Qmp clear" 



Write Character 
To Cursor Location 

X 



Move Cursor One 
Space and Write a 
Blank Under the 
Cursor 



Increment the 
Space Counter 




Space Counter— 



Increment Line 
Counter 



( jMP SCROLp) 



FIGURE 13 - CHARRC Subroutine 

Accepts characters from keyboard, moves cursor, and decodes all special characters. 
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The special functions are implemented using control 
characters which are not normally utilized by CRT terminals. 
Table 1 lists the feature and its control character and in- 
dicates which routine processes the command. Each time one 
of the special characters is received, a jump to the ap- 
propriate routine occurs. All characters received from the 
keyboard, except for the special control characters, are writ- 
ten to the current cursor location, the cursor is moved one 
space, and a blank is written under the cursor. 

To facilitate carriage returns, a space counter (SPACES) is 
used. It keeps track of the cursor displacement from the 
beginning of the current line. The counter (SPACES) is used 
whenever a carriage return key is pressed. The cursor is 
moved back to the beginning of the line by subtracting the 
number of spaces from the Cursor Registers (R14 and R15). 
A line feed is then generated by adding the number of 
characters per line to the Cursor Register. 

The CRT controller treats the screen memory as a linear 
array such that the last space of a line and the first space of 
the next line are located at adjacent memory locations. When 
the cursor is at the end of a line and another character is in- 
put, the cursor moves to the first of the next line. The space 
counter (SPACES) must be reset. 




Get Input 
Character 
Code 
From PIAAD 



I 




FIGURE 14 - INCH Subroutine Flowchart 

Polls PIA A Control Register until IRQA1 is set, then the data is 
retrieved from the PIA A Data Register. 



TABLE 1 — Subroutine Implementation of Terminal Features 



Feature 


Keyboard 
Entry 


Subroutine 
Name 


Flowcharted 
in Figure 


Result 


Scroll Up 

Carriage Return 
Line Feed 
Back Space 

Move Cursor Up 
One Line 


None 

CR Key 
LF Key 
© H 

© S 


SCROLU 

CR 
LF 
BS 

UPLINE 


15b 

16 
17 
18 

19 


Called whenever a line feed is generated. Will add a line to bottom of 
screen when necessary. 
Generates carriage return, calls LF. 
Generates line feed, calls SCROLU. 

Generates back space and blanks under cursor, calls SCROLD when 
cursor moves back to previous line. 

Moves cursor up one line, calls SCROLD 


Move to Next Page 
Home Cursor 
Clear Screen 
Scroll Down 


© D 
© A 
© G 
None 


PAGE 
HOME 
CLEAR 
SCROLD 


20 
21 
22 
23 


Moves to same place on next page. 
Moves cursor. 

Clears page starting at cursor. 

Called whenever cursor moves back one line. Adds a new line to top 
of screen when necessary. 
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FIGURE 15a - Scrolling 

Performed by changing the Start Address in R12 and R13 in the CRTC. This example shows how an 80 x 24 display is scrolled up one line. 
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FIGURE 16 - CR Subroutine Flowchart 

Generates a cursor return by subtracting SPACES (the space counter) 
from the current cursor position in R14 and R15 of the CRT. Jumps to 
LF to generate a line feed. 
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FIGURE 15b - SCROLU Subroutine Flowchart 

The 14-bit cursor address is checked to see if cursor has moved off the 
screen. If so, the 14-bit start address is incremented to add a new line 
(with the cursor) at the bottom. 



FIGURE 17 - LF Subroutine Flowchart 

Generates a line feed by adding the number of characters per line to 
the current cursor position stored in R14and R15of the CRTC. Jumps 
to SCROLU to see if a new line should be scrolled on the page. 
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Whenever SPACES is reset, the scroll up routine 
(SCROLU) is called to determine if the cursor is still on the 
CRT screen. If the cursor has moved off the bottom of the 
CRT screen, then the Start Address Registers (R12 and R13) 
are adjusted to scroll a new line in at the bottom of the 
screen. The SCROLU routine is illustrated in Figure 15a and 
flowcharted in Figure 15b. 

Flowcharts, describing implementations of the special 
features listed in Table 1, are presented in Figures 15-23. 
Notes at the bottom of each figure explain the algorithms 
employed. 

When the routine to generate a line feed LF (flowcharted 
in Figure 17) is called, the cursor is moved down one line. 
Because this may move the cursor off the screen, the 
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FIGURE 18 - BS Subroutine Flowchart 

Backspaces and blanks under cursor. Jumps to SCROLD and checks 
if the- cursor has moved off the top of the screen. 
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FIGURE 19 - UPLINE Subroutine Flowchart 

Moves the cursor up one line by subtracting the number of characters 
per line from current cursor position stored in R14 and R15 of the 
CRTC. Jumps to SCROLD to check if the cursor has moved off the 
top of The screen. 



SCROLU routine, to scroll up one line, is called. Similarly, 
whenever the backspace routine or the routine to move the 
cursor up one line (UPLINE, see flowchart in Figure 19) is 
called, the cursor may be moved back to the previous line. 
This may also move the cursor off the top of the screen re- 
quiring the routine which scrolls down one line (SCROLD, 
see flowchart in Figure 23) to be called. The scrolling, 
whether up or down, is implemented by modifying the start- 
ing address stored in CRTC Registers R12 and R13. Scrolling 
up is implemented by adding or subtracting the number of 
characters per line to the start address. Note that the CRTC 
Cursor Registers R14 and R15 are the only read/write 
registers. This requires the use of a variable to retain the cur- 
rent start address duplicated in R12 and R13 (write only). 
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FIGURE 20 - PAGE Subroutine Flowchart 

Moves to the same position on the next page by adding PAGES to the 
high order byte of the starting address (R121 and the high order byte 
of the cursor position (R 14). PAGES multiplied by $100 equals the 
number of characters per page. 
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FIGURE 21 - HOME Subroutine Flowchart 

Reset start address and cursor position to the beginning of the current 
page, then clear SPACES and jump to CLEAR to put blanks in each 
display memory element of the current page. 
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FIGURE 22 - CLEAR Subroutine Flowchart 

Stores ASCII blank, code S20, into all memory locations on the cur- 
rent page starting at the cursor. 



FIGURE 23 - SCROLD Subroutine Flowchart 

Checks to see if the cursor is before the screen by seeing if the cursor 
position registers (R14 and R15) are less than the Screen Start 
Registers (R12 and R13I. If so, the start address of R12 and R13 is 
decremented by CHRPLN, the number of characters per line. 



A complete listing of the software appears in Figure 24 and 
will implement all the described features. A semi-structured 
approach is utilized to simplify changes or additions. The 
MC6845 CRTC supplies the video and sync pulses to the 
CRT and may be programmed by the MC6808 MPU for dif- 
ferent screen formats. In fact, formats can be changed "on- 
the-fly" provided that the appropriate dot clocks are 
available. 

Additional "bells and whistles," such as page editing, 
block transmit, or receive could be added. Interface cir- 
cuitry, not described herein, should be added for a parallel or 



serial interface. A programmable character generator would 
allow the use of semigraphics. Full graphics could also be im- 
plemented with each memory bit corresponding to a dot on 
the CRT screen. A non-encoded keyboard could also be used 
with the software expanded to decode the keyboard. Addi- 
tional ICs could be added enabling the MPU and CRTC to 
run on different phases so that the MPU has transparent ac- 
cess to the display memory. The software, developed in this 
article, may be used as is or used as a building block to imple- 
ment additional features. 
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************************************************* 
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EQU 


$0 4 CHARACTERS PER PAGE 


n nn 9 9 
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EQU 
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EQU 
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DEFINE 
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RAM 


EQU 


$A000 RAM STARTING ADDRESS 
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CHARH 


EQU 
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BLANKH 
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an n i 
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BLANKL 
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#$A07F INITIALIZE STACK POINTER 


00053 










* 






00054 










* INITIALIZE THE SELF-MODIFYING CODE IN RAM 


00055 










* 






00056A 


E003 


4F 








CLRA 


ZERO A ACCUMULATOR 


00057A 


E004 


B7 


A001 






STAA 


CHARH 


00058A 


E007 


B7 


A002 


A 




STAA 


CHARL 
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00059A 


E00A 


B7 


A006 


A 


STAA 


BLANKH 


ZERO BLANKH/BSPOSH POINTER 


00060A 


E00D 


B7 


A007 


A 


STAA 


BLANKL 


ZERO BLANKL/BSPOSL POINTER 


00061A 


E010 


B7 


AOOA 


A 


STAA 


INDEX 


00062A 


E013 


B7 


AOOB 


A 


STAA 


INDEX+1 




00063A 


E016 


B7 


AOOE 


A 


STAA 


COM PR 




00064A 


E019 


B7 


AO OF 


A 


STAA 


COMPR+1 




00065A 


E01C 


B7 


A011 


A 


STAA 


SPACES 




00066A 


E01F 


B7 


AO 12 


A 


STAA 


STARTH 




00067A 


E022 


B7 


A013 


A 


STAA 


STARTL 




00068A 


E025 


B7 


AO 14 


A 


STAA 


ENDH 




00069A 


E028 


B7 


A015 


A 


STAA 


ENDL 




00070A 


E02B 


86 


B7 


A 


LDAA 


#$B7 


STORE "STA A" OP CODE 


00071A 


E02D 


B7 


AO 00 


A 


STAA 


RAM 




7 2A 


E0 30 


B7 


AO 5 


A 


STAA 


RAM+5 




00073A 


E0 33 


86 


86 


A 


LDAA 


#$86 


STORE "LDA A" OP CODE 


00074A 


E035 


B7 


AO 3 


A 


STAA 


RAM+3 




007 5A 


E038 


86 


20 


A 


LDAA 


#$20 


STORE ASCII "BLANK" 


00076A 


E03A 


B7 


AO 4 


A 


STAA 


RAM+4 




d0077A 


E0 3D 


86 


39 


A 


LDAA 


#$39 


STORE "RTS" OP CODE 


00078A 


E0 3F 


B7 


A008 


A 


STAA 


RAM+8 




00079A 


E042 


B7 


AOOC 


A 


STAA 


RAM+12 




00080A 


E045 


B7 


A010 


A 


STAA 


RAM+16 




00081A 


E0 48 


86 


CE 


A 


LDAA 


#$CE 


STORE "LDX" OP CODE 


nno8?A 


E0 4 A 


B7 


A009 


A 


STAA 


RAM +9 






EO 4 D 


o 


8C 


A 


LDAA 


#$8C 


STORE "CPX" OP CODE 


00084A 


EO 4F 


B7 


AOOD 


A 


STAA 


RAM+13 




000R5A. 


EO 52 


8 6 


26 


A 


LDAA 


#$26 


SET NO. CHAR PER LINE 


UUUO Oft 




a "7 


AO 16 


A 


STAA 


RAM+22 




00087A 


E057 


8D 


06 E05F 


BSR 


BLANKR 


FILL SCREEN WITH BLANKS 


00088A 


E059 


8D 


12 E06D 


BSR 


CRTINT 


INITIALIZE CRTC 


00089A 


E05B 


8D 


32 E08F 


RUN BSR 


CHARRC 


RUN PROGRAM 


00090A 


EO 5D 


20 


FC E0 5B 


BRA 


RUN 




00091 










************************************************* 


00092 










* BLANKR 


SUBROUTINE 


FILLS DISPLAY MEMORY WITH 


00093 










* BLANK CODE ($20) . 




00094 










************************************************* 


00095A 


E05F 


86 


20 


A 


BLANKR LDAA 


#$20 


INITIALIZE SCREEN MEMORY 


00096A 


E0 61 


CE 


4000 


A 


LDX 


#SCRNST 


DISPLAY START ADDRESS 


000971 


E0 64 


A7 


00 


A 


BLANKl STAA 


0,X 


STORE CHARACTER 


00098A 


E066 


08 






I NX 




NEXT SCREEN LOCATION 


00099A 


E067 


8C 


47D0 


A 


CPX 


#SCRNND 


FINISHED? 


00100A 


E06A 


26 


F8 E064 


BNE 


BLANKl 




00101A 


E06C 


39 






RTS 






00102 










************************************************* 


00103 










* CRINT SUBROUTINE 


INITIALIZES CRTC BY LOADING 












* THE BURRIED RIGISTERS. 


00105 










************************************************* 




EO 6 D 


5F 






CRTINT CLRB 




INITIALIZE CRTC 


n n l n 7 a 


pn c it 


CP 1 


E07F 


A 


LDX 


#TABLE 




00108A 


E071 


F7 


3000 


A 


CRT STAB 


CRTCAD 


SELECT CRTC REGISTER 


00109A 


E074 


A6 


00 


A 


LDAA 


0,X 


GET TABLE VALUE 


00110A 


E076 


B7 


3001 


A 


STAA 


CRTCRG 


STORE CRTC PARAMETER 


00111A 


E079 


08 






INX 




GET NEXT TABLE VALUE 


00112A 


E07A 


5C 






INCB 




SELECT NEXT CRTC REGISTER 


00113A 


E07B 


CI 


10 


A 


CMPB 


#$10 


LAST CRTC REGISTER 


00114A 


E07D 


26 


F2 E071 


BNE 


CRT 




00115 










* 






00116 










* TABLE OF VAU 
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00117 


















0118A 


E0 7F 




30 


A 


TABLE 


FCB 


S30 


RO HORIZONTAL TOT LA 


0119A 


E0 80 




26 


A 




FCB 


$26 


Rl HORIZONTAL DISPLAYED 


00120A 


E081 




2'B 


A 




FCB 


$2B 


R2 HORIZONTAL SYNC POS . 


00121A 


E082 




02 


A 




FCB 


$02 


R3 HORIZONTAL SYNC WIDTH 


00122A 


E0 8 3 




14 


A 




FCB 


$14 


R4 VERTICAL TOTAL 


00123A 


E084 




01 


A 




FCB 


$01 


R5 VERTICAL TOTAL ADJUST 


00124A 


E085 




12 


A 




FCB 


$12 


R6 VERTICAL DISPLAYED 


00125A 


E086 




13 


A 




FCB 


$13 


R7 VERTICAL SYNC POSITION 


00126A 


E087 




00 


A 




FCB 


$00 


R8 INTERLACE MODE 


00127A 


E088 




OB 


A 




FCB 


$0B 


R9 MAX SCAN LINE ADDRESS 


00128A 


E089 




40 


A 




FCB 


$40 


RIO CURSOR START ADDRESS 


00129A 


E08A 




08 


A 




FCB 


$08 


Rll CURSOR END ADDRESS 


00130A 


E08B 




00 


A 




FCB 


$00 


R12 START ADDRESS H 


00131A 


E08C 




00 


A 




FCB 


$00 


R13 START ADDRESS L 


00132A 


E08D 




00 


A 




FCB 


$00 


R14 START ADDRESS H 


00133A 


E08E 




00 


A 




FCB 


$00 


R15 START ADDRESS L 


00134 










************************************************* 


00135 










* CHARRC SUBROUTINE 


ACCEPTS KEYBOARD INPUT, DECO 


00136 










* SPECIAL 


FEATURES 


AND CONTROLS THE CURSOR. 


00137 










************************************************* 


00138A 


E08F 


8D 


7F E110 


CHARRC 


BSR 


INCH 


GET INPUT 


00139A 


E091 


81 


13 


A 




CMPA 


#$13 


DECODE SPECIAL CHARACTERS 


00140A 


E093 


23 


02 E097 




BLS 


DECODE 




00141A 


E0 9 5 


20 


31 E0C8 




BRA 


CURSE 


NOT A SPECIAL CHARACTER 


00142A 


E097 


81 


OD 


A 


DECODE 


CMPA 


#$0D 




00143A 


E099 


26 


03 E09E 




BNE 


DEC1 




00144A 


E0 9B 


7E 


E177 


A 




JMP 


CR 


CARRIAGE RETURN? 


00145A 


E09E 


81 


08 


A 


DEC1 


CMPA 


#$08 




00146A 


E0A0 


26 


03 E0A5 




BNE 


DEC2 




00147A 


E0A2 


7E 


E1AF 


A 




JMP 


BS 


BACKSPACE? 


00148A 


E0A5 


81 


OA 


A 


DEC2 


CMPA 


#$0A 




00149A 


E0A7 


26 


03 EOAG 




BNE 


DEC3 




00150A 


E0A9 


7E 


E191 


A 




JMP 


LF 


LINEFED? 


00151A 


E0AC 


81 


13 


A 


DEC3 


CMPA 


#$13 ' 




00152A 


E0AE 


26 


03 E0B3 




BNE 


DEC 4 




00153A 


EOBO 


7E 


E1EF 


A 




JMP 


UPLINE 


MOVE CURSOR UP ONE LINE? 


00154A 


E0B3 


81 


04 


A 


DEC4 


CMPA 


#$04 




00155A 


E0B5 


26 


03 EOBA 




BNE 


DEC5 




00156A 


E0B7 


7E 


E20C 


A 




JMP 


PAGE 


NEXT PAGE? 


00157A 


EOBA 


81 


01 


A 


DEC5 


CMPA 


#01 




00158A 


EOBC 


26 


03 E0C1 




BNE 


DEC6 




00159A 


EOBE 


7E 


E22A 


A 




JMP 


HOME 


HOME CURSOR 


00160A 


E0C1 


81 


07 


A 


DEC6 


CMPA 


#07 




00161A 


EOC3 


26 


03 E0C8 




BNE 


CURSE 




00162A 


E0C5 


7E 


E258 


A 




JMP 


CLEAR 


CLEAR SCREEN? 


00163A 


E0C8 


C6 


OF 


A 


CURSE 


LDAB 


#$0F 


GET CURSOR ADDRESS L 


00164A 


EOCA 


F7 


3000 


A 




STAB 


CRTCAD 




016 5A 


EOCD 


F6 


3001 


A 




LDAB 


CRTCRG 




016 6A 


EO DO 


F7 


AO 2 


A 




STAB 


CHARL 


SAVE CHARACTER ADDRESS 


00167A 


E0D3 


5C 








INCB 






00168A 


E0D4 


F7 


3001 


A 




STAB 


CRTCRG 




00169A 


E0D7 


F7 


A007 


A 




STAB 


BLANKL 


SAVE CURSOR ADDRESS FOR BL 


00170A 


EO DA 


C6 


OE 


A 




LDAB 


#$0E 


GET CURSOR ADDRESS H 


00171A 


EODC 


F7 


3000 


A 




STAB 


CRTCAD 




00172A 


EODF 


F6 


3001 


A 




LDAB 


CRTCRG 




00173A 


E0E2 


CA 


40 


A 




ORAB 


♦ MOVE 


MOVE CURSOR TO DISPLAY ADD 


00174A 


E0E4 


F7 


A001 


A 




STAB 


CHARH 


SAVE CHARACTER ADDRESS 
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00175A 


E0E7 


F6 


A007 


A 


LDAB 


BLANKL 


BLANK L= ? 


00176A 


EOEA 


26 


06 E0F2 


BNE 


NOCARY 




00177A 


EOEC 


F6 


A001 


A 


LDAB 


CHARH 


INCREMENT IF CARRY REQUIRE 


00178A 


EOEF 


5C 






INCB 






00179A 


EOFO 


20 


03 E0F5 


BRA 


CARRYD 




00180A 


E0F2 


F6 


A001 


A 


NOCARY LDAB 


CHARH 


INCREMENT IF CARRY REQUIRE 


00181A 


E0F5 


F7 


3001 


A 


CARRYD STAB 


CRTCRG 


UPDATE CURSOR 


00182A 


E0F8 


F7 


A006 


A 


STAB 


BLANKH 


BLNAK UNDER CURSOR 


00183 










* 






00184 










* RAM IS 


A SECTION 


OF SELF-MODIFYING CODE WHI 


00185 










* STORES 


THE CHARACTER, IN THE A REGISTER, AT 


00186 










* THE PRESENT CURSOR LOCATION. 


00187 










************************************************* 


00188A EOFB BD AOOO 


A 


JSR 


RAM 


SAVE CHARACTER 


00189A 


EOFE 


7C 


A011 


A 


INC 


SPACES 


INCREMENT SPACE COUNTER 


00190A 


E101 


F6 


A016 


A 


LDAB 


CHARLN 


AUTOMATIC CR? 


00191A 


E104 


Fl 


A011 


A 


CMPB 


SPACES 




00192A 


E107 


2E 


06 ElOF 


BGT 


NOSCRL 




00193A 


E109 


7F 


A011 


A 


CLR 


SPACES 




00194A 


E10C 


7E 


E120 


A 


SCRLOL JMP 


SCROLU 


CHECH FOR SCROLL UP 


00195A 


ElOF 


39 






NOSCRL RTS 






00196 










************************************************* 


00197 










* INCH SUBROUTINE POLLS THE ACIA UNTIL A CHARA 


00198 










* IS RECEIVED THEN 


MASKS THE PARITY BIT AND 


00199 










* IGNORS 


RUBOUTS . 




00200 










************************************************* 


00201A 


E110 


B6 


FCF4 


A 


INCH LDAA 


ACIACS 




00202A 


E113 


47 






ASRA 




READY? 


00203A 


E114 


24 


FA E110 


BCC 


INCH 


RECEIVED NOT READY 


00204A 


E116 


B6 


FCF5 


A 


LDAA 


AC I ADA 


INPUT CHARACTER 


00205A 


E119 


84 


7F 


A 


AN DA 


#$7F 


RESET PARITY BIT 


00206A 


E11B 


81 


7F 


A 


CMPA 


#$7F 




00207A 


E11D 


27 


Fl E110 


BEQ 


INCH 


RUBOUT IGNOR 


00208A 


E11F 


39 






RTS 






00209 










************************************************* . 


00210 










* SCROLU 


SUBROUTINE 


CHECKS TO SEE IT THE CURSO 


00211 










* MOVED OFF THE BOTTOM OF THE SCREEN. IF SO A 


00212 










* NEW LINE IS SCROLLED ONTO THE SCREEN. 


00213 










************************************************* 


00214A 


E120 


B6 


A013 


A 


SCROLU LDAA 


START L 


SET UP END OF SCREEN ADDRE 


00215A 


E123 


9B 


AB 


A 


ADDA 


SCRNL 




00216A 


E125 


B7 


A015 


A 


STAA 


ENDL 




00217A 


E128 


24 


04 E12E 


BCC 


FIND 




00218A 


E12A 


86 


01 


A 


LDAA 


#01 




00219A 


E12C 


20 


01 E12F 


BRA 


FIND1 




00220A 


E12E 


4F 






FIND CLRA 






00221A 


E12F 


BB 


A012 


A 


FIND1 ADDA 


STARTH 




00222A 


E132 


9B 


02 


A 


ADDA 


SCRNH 




00223A 


E134 


B7 


A014 


A 


STAA 


ENDH 




00224A 


E137 


C6 


OE 


A 


LDAB 


#$0E 


GET CURSOR ADDRESS H 


00225A 


E139 


F7 


3000 


A 


STAB 


CRTCAD 




00226A 


E13C 


F6 


3001 


A 


LDAB 


CRTCRG 




00227A 


E13F 


11 






CBA 






00228A 


E140 


22 


10 E152 


BHI 


EQUAL1 




00229A 


E142 


B6 


A015 


A 


LDAA 


ENDL 


CHECK LOW ADDRESS 


00230A 


E145 


C6 


OF 


A 


LDAB 


#$0F 


GET CURSOR ADDRESS L 


00231A 


E147 


F7 


3000 


A 


STAB 


CRTCAD 




00232A 


E14A 


F6 


3001 


A 


LDAB 


CRTCRG 





FIGURE 24 - Complete Listing of CRTC Software 
(Continued) 



477 



PAGE 00 5 CRTC 


.SA 


1 CRTC 






00233A 


E14D 


11 








CBA 






00234A 


E14E 


27 


02 E152 




BEQ 


EQUAL1 




00235A 


El 50 


23 


01 E153 




BLS 


CHANGE 




00236A 


E152 


39 






EQUAL1 


RTS 






00237A 


E153 


86 


OD 


A 


CHANGE 


LDAA 


#$0D 


INCREMENT START ADDRESS 


00238A 


E155 


B7 


3000 


A 




STAA 


CRTCAD 




00239A 


E158 


F6 


A013 


A 




LDAB 


STARTL 




00240A 


E15B 


FB 


A016 


A 




ADDB 


CHARLN 


SCROLL UP ONE LINE 


00241A 


E15E 


F7 


3001 


A 




STAB 


CRTCRG 




00242A 


E161 


F7 


A013 


A 




STAB 


STARTL 




00243A 


E164 


25 


01 E167 




BCS 


CARRY 


CARRY? 


00244A 


E166 


39 








RTS 






00245A 


E167 


C6 


OC 


A 


CARRY 


LDAB 


#$0C 


INCREMENT START ADDRESS H 


00246A 


E169 


F7 


3000 


A 




STAB 


CRTCAD 




00247A 


E16C 


F6 


A012 


A 




LDAB 


STARTH 




00248A 


E16F 


5C 








INCB 






00249A 


E170 


F7 


3001 


A 




STAB 


CRTCRG 




00250A 


E173 


F7 


A012 


A 




STAB 


STARTH 




00251A 


E176 


39 








RTS 




CHECK TO SEE IF TI IS OK 


00252 










************************************************* 


00253 










* 


CR SUBROUTINE SUBTRACTS SPACE COUNTER FROM 


00254 










* 


CURSOR 


POSITION 


TO GENERATE A CARRIAGE RETU 


00255 










* 


AND THEN CALLS LINEFD. 


00256 










************************************************* 


00257A 


E177 


86 


OF 


A 


CR 


LDAA 


#$0F 


GET CURSOR ADDRESS L 


00258A 


E179 


B7 


3000 


A 




STAA 


CRTCAD 




00259A 


E17C 


F6 


3001 


A 




LDAB 


CRTCRG 




00260A 


E17F 


F0 


A011 


A 




SUBB 


SPACES 


GENERATE CR 


00261A 


E182 


F7 


3001 


A 




STAB 


CRTCRG 




00262A 


E185 


24 


07 E18E 




BCC 


YES 


NO CARRY? 


00263A 


E187 


4A 








DECA 




ELSE DECREMENT CURSOR H 


00264A 


E188 


B7 


3000 


A 




STAA 


CRTCAD 




00265A 


E18B 


7A 


3001 


A 




DEC 


CRTCRG 




00266A 


E18E 


7F 


A011 


A 


YES 


CLR 


SPACES 


INITIALIZE SPACE COUNTER 


00267 










************************************************* 


00268 










* LINEFD SUBRFOUTINE 


MOVES THE CURSOR DOWN ONE L 


00269 










* BY 


ADDING 


THE NUMBER OF CHARACTERS .LINE ,CHRPLN 


00270 










* CURRENT CURSOR LOCATION. SCROLU IS THEN CALLE 


00271 










************************************************* 


00272A 


E191 


86 


OF 


A 


LF 


LDAA 


#$0F 


GET CURSOR ADDRESS L 


00273A 


E193 


B7 


3000 


A 




STAA 


CRTCAD 




00274A 


E196 


F6 


3001 


A 




LDAB 


CRTCRG 




00275A 


E199 


FB 


A016 


A 




ADDB 


CHARLN 


GENERATE LINE FEED 


00276A 


E19C 


24 


OB E1A9 




BCC 


NCARRY 


CARRY? 


00277A 


E19E 


F7 


3001 


A 




STAB 


CRTCRG 




00278A 


E1A1 


4A 


I 






DECA 






00279A 


E1A2 


B7 


3000 


A 




STAA 


CRTCAD 




00280A 


E1A5 


F6 


3001 


A 




LDAB 


CRTCRG 




00281A 


E1A8 


5C 








INCB 






00282A 


E1A9 


F7 


3001 


A 


NCARRY 


STAB 


CRTCRG 




00283A 


E1AC 


7E 


E120 


A 




JMP 


SCROLU 




00284 










************************************************* 


00285 










* BS 


SUBROUTINE MOVES 


CURSOR BACK ONE LINE IF TH 


0286 










* CURSOR MOVES TO THE 


PREVIOUS LINE THEN SCROLD 


00287 










* IS 


CALLED 


TO SEE IF 


A NEW LINE SHOULD BE ADDED 


00288 










* AT 


THE TOP OF THE SCREEN. 


00289 










************************************************* 


00290A 


E1AF 


86 


OF 


A 


BS 


LDAA 


#$0F 


GET CURSOR ADDRESS L 
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00291A 


E1B1 


B7 


3000 


A 


STAA 


CRTCAD 




00292A 


E1B4 


F6 


3001 


A 


LDAB 


CRTCRG 




00293A 


E1B7 


5A 






DECB 




BACK UP CURSOR 


00294A 


E1B8 


F7 


3001 


A 


STAB 


CRTCRG 




00295A 


E1BB 


4A 






DECA 




SELECT CURSOR H 


00296A 


E1BC 


B7 


3000 


A 


STAA 


CRTCAD 




00297A 


E1BF 


F7 


A007 


A 


STAB 


BSPOSL 


SAVE BACK SPACE POSITION L 


00298A 


E1C2 


CI 


FF 


A 


CMPB 


#$FF 


CARRY? 


00299A 


E1C4 


27 


05 ElCB 


BEQ 


DECR 




00300A 


E1C6 


F6 


3001 


A 


LDAB 


CRTCRG 




00301A 


E1C9 


20 


07 E1D2 


BRA 


NODECR 




00302A 


E1CB 


F6 


3001 


A 


DECR LDAB 


CRTCRG 


IF SO DECREMENT CURSOR H 


00303A 


E1CE 


5A 






DECB 






00304A 


E1CF 


F7 


3001 


A 


STAB 


CRTCRG 




00305A 


E1D2 


CA 


40 


A 


NODECR ORAB 


#MOVE 


MOVE TO SCREEN MEMORY 


00306A 


E1D4 


F7 


A006 


A 


STAB 


BSPOSH 


SAVE BACK SPACE POSITION H 


00307A 


E1D7 


BD 


A003 


A 


JSR 


RAM+3 


BLANK UNDER CURSOR 


00308A 


El DA 


7A 


A011 


A 


DEC 


SPACES 


DECREMENT SPACE COUNTER 


00309A 


E1DD 


B6 


A011 


A 


LDAA 


SPACES 


BACK TO PREVIOUS LINE? 


00310A 


E1E0 


81 


FF 


A 


CMPA 


#$FF 




00311A 


E1E2 


27 


01 E1E5 


BEQ 


CALLER 




00312A 


E1E4 


39 






RTS 






00313A 


E1E5 


B6 


A016 


A 


CALLER LDAA 


CHARLN 


RESET SPACE COUNTER 


00314A 


E1E8 


4A 






DECA 






00315A 


E1E9 


B7 


A011 


A 


STAA 


SPACES 




00316A 


ElEC 


7E 


E284 


A 


JMP 


SCROLD 




00317 










************************************************* 


00318 










* UPLINE SUBROUTINE 


MOVES THE CURSOR UP ONE 


00319 










* LINE THEN 


CALLS SCROLD. 


00320 










************************************************* 


00321A 


E1EF 


86 


OF 


A 


UPLINE LDAA 


#$0F 


GET CURSOR ADDRESS L 


00322A 


E1F1 


B7 


3000 


A 


STAA 


CRTCAD 




00323A 


E1F4 


F6 


3001 


A 


LDAB 


CRTCRG 




00324A 


E1F7 


F0 


AO 16 


A 


SUBB 


CHARLN 


GENERATE UPLINE 


00325A 


ElFA 


24 


OB E207 


BCC 


NOOCRY 


CARRY? 


00326A 


E1FC 


F7 


3001 


A 


STAB 


CRTCRG 




00327A 


E1FF 


4A 






DECA 




GET CURSOR H 


00328A 


E200 


B7 


3000 


A 


STAA 


CRTCAD 




00329A 


E203 


F6 


3001 


A 


LDAB 


CRTCRG 


SUBTRACT CARRY 


00330A 


E206 


5A 






DECB 






00331A 


E207 


F7 


3001 


A 


NOOCRY STAB 


CRTCRG 




00332A 


E20A 


20 


78 E284 


BRA 


SCROLD 




00333 










************************************************* 


00334 










* PAGE SINE MOVE THE CURSOR TO THE NEXT PAGE. 


00335 










************************************************* 


00336A 


E20C 


86 


OC 


A 


PAGE LDAA 


#$0C 


GET SCREEN START ADDRESS H 


00337A 


E20E 


B7 


3000 


A 


STAA 


CRTCAD 




00338A 


E211 


F6 


A012 


A 


LDAB 


STARTH 




00339A 


£214 


DB 


04 


A 


ADDB 


PAGES Z 


MOVE TO NEXT PAGE 


00340A 


E216 


F7 


3001 


A 


STAB 


CRTCRG 




00341A 


E219 


F7 


A012 


A 


STAB 


STARTH 




00342A 


E21C 


86 


OE 


A 


LDAA 


#$0E 


GET CURSOR ADDRESS H 






D / 


3000 


A 


STAA 


CRTCAD 




00344A 


E221 


F6 


3001 


A 


LDAB 


CRTCRG 




00345A 


E224 


DB 


04 


A 


ADDB 


PAGESZ 


MOVE CURSOR TO NEXT PAGE 


00346A 


E226 


F7 


3001 


A 


STAB 


CRTCRG 




00347A 


E229 


39 






RTS 






00348 










************************************************* 



FIGURE 24 - Complete Listing of CRTC Software 
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PAGE 007 CRTC .SA:1 CRTC 






00349 










* HOME SUBROUTINE MOVES THE CURSOR TO THE BEGIN 


00350 










* OF THE PRESENT PAGE AND CALLS CLEAR. 


00351 










************************************************* 


00352A 


E22A 


86 


0E 


A 








00353A 


E22C 


B7 


3000 


A 


STAA 


1 u 




00354A 


E22F 


F6 


3001 


A 








00355A 


E232 


D4 


FC 


A 


AT* UD 






00356A 


E234 


F7 


3001 


A 


b 1 Ad 




MUVCj LUKdUK 


00357A 


E237 


F7 


A012 


A 


C<P ft D 

D 1 fttJ 


CP& DTH 

o 1 AK1 n 




00358A 


E23A 


86 


OC 


A 


LDAA 


#$oc 




00359A 


E23C 


B7 


3000 


A 


STAA 


CRTCAD 




00360A 


E23F 


F7 


3001 


A 


STAB 


CRTCRG 




00361A 


E242 


4C 






INCA 




SELECT CURSOR L 


00362A 


E243 


B7 


3000 


A 


STAA 


CRTCAD 




00363A 


E246 


4F 






CLRA 






00364A 


E247 


B7 


3001 


A 


STAA 


CRTCRG 




00365A 


E24A 


B7 


A013 


A 


STAA 


STARTL 


START AT FIRST OF PAGE 


00366A 


E24D 


C6 


OF 


A 


LDAB 


#$0F 




00367A 


E24F 


F7 


3000 


A 


STAB 


CRTCAD 




00368A 


E252 


B7 


3001 


A 


STAA 


CRTCRG 




00369A 


E255 


B7 


A011 


A 


STAA 


SPACES 


ZERO SPACE COUNTER 


00370 










************************************************* 


00371 










* CLEAR SUBROUTINE 


CLEARS PRESENT PAGE PAST TH 


00372 










* CURSOR 


BY STORING 


ASCII BLANDS ($20) INTO 


00373 










* SCREEN 


MEMORY . 




00374 










************************************************* 


00375A 


E258 


86 


OE 


A 


CLEAR LDAA 


#$0E 


GET CURSOR ADDRESS H 


00376A 


E25A 


B7 


3000 


A 


STAA 


CRTCAD 




00377A 


E25D 


F6 


3001 


A 


LDAB 


CRTCRG 




00378A 


E260 


D4 


FC 


A 


ANDB 


PGMASK 


LOCATE CURSOR PAGE ADDRESS 


00379A 


E262 


CB 


40 


A 


ADDB 


#MOVE 


ADD OFFSET 


00380A 


E264 


F7 


AO OA 


A 


STAB 


INDEX 


SAVE START ADDRESS 


00381A 


E267 


DB 


04 


A 


ADDB 


PAGESZ 


SAVE END ADDRESS 


00382A 


E269 


F7 


AOOE 


A 


STAB 


COMPR 




00383A 


E26C 


4C 






INCA 




SET UP LOW ADDRESS 


00384A 


E26D 


B7 


3000 


A 


STAA 


CRTCAD 




00385A 


E270 


F6 


3001 


A 


LDAB 


CRTCRG 




00386A 


E273 


F7 


AO OB 


A 


STAB 


INDEX+1 




00387A 


E276 


BD 


A009 


A 


JSR 


RAM+9 


INDEX REGISTER PAGE ADDRES 


00388A 


E279 


86 


20 


A 


BLANK LDAA 


#$20 


ASCII BLANK 


00389A 


E27B 


A7 


00 


A 


STAA 


o,x 


STORE BLANK 


00390A 


E27D 


08 






INX 




NEXT SCREEN CHARACTER 


00391A 


E27E 


BD 


AOOD 


A 


JSR 


RAM+13 


CHECK INDEX REGISTER 


00392A 


E281 


26 


F6 E279 


BNE 


BLANK 




00393A 


E283 


39 






RTS 






00394 










************************************************* 


00395 










* SCROLD SUBROUTINE 


CHECKS TO SEE IF THE CURSOR 


00396 










* MOVED OFF THE TOP 


OF THE SCREEN. IF SO A NEW 


00397 










* IS SCROLLED DOWN ONTO THE SCREEN. 


00398 










************************************************* 


00399A 


E284 


B6 


A012 


A 


SCROLD LDAA 


STARTH 


CURSOR BEFORE SCREEN? 


00400A 


E287 


C6 


OE 


A 


LDAB 


#$0E 


GET CURSOR ADDRESS H 


00401A 


£289 


P7 


3000 


A 


STAB 


CRTCAD 




00402A 


E28C 


F6 


3001 


A 


LDAB 


CRTCRG 




00403A 


E28F 


11 






CBA 






00404A 


E290 


22 


12 E2A4 


BHI 


BEFORE 




00405A 


E292 


27 


01 E295 


BEQ 


EQUAL2 




00406A 


E294 


39 






RTS 




HIGH ADDRESS DOESN'T MATCH 



FIGURE 24 - Complete Listing of CRTC Software 
(Continued) 



480 



PAGE 008 CRTC .SA:1 CRTC 



00407A 


E295 


B6 


A013 


A 


EQUAL2 


LDAA 


STARTL 


IS CURSOR BEFORE THE SCREE 


00408A 


E298 


C6 


OF 


A 




LDAB 


#$0F 


GET CURSOR ADDRESS LOW 


00409A 


E29A 


F7 


3000 


A 




STAB 


CRTCAD 




00410A 


E29D 


F6 


3001 


A 




LDAB 


CRTCRG 




00411A 


E2A0 


11 








CBA 






00412A 


E2A1 


22 


01 E2A4 




BHI 


BEFORE 




00413A 


E2A3 


39 






EXIT 


RTS 






00414A 


E2A4 


86 


OD 


A 


BEFORE 


LDAA 


#$0D 


MOVE BACK ONE LINE 


00415A 


E2A6 


B7 


3000 


A 




STAA 


CRTCAD 




00416A 


E2A9 


F6 


A013 


A 




LDAB 


STARTL 




00417A 


E2AC 


F0 


A016 


A 




SUBB 


CHARLN 




00418A 


E2AF 


F7 


3001 


A 




STAB 


CRTCRG 




00419A 


E2B2 


F7 


A013 


A 




STAB 


STARTL 




00420A 


E2B5 


25 


01 E2B8 




BCS 


CRYSET 


CARRY SET? 


00421A 


E2B7 


39 








RTS 






00422A 


E2B8 


4A 






CRYSET 


DECA 




IF SO DECREMENT STARTH 


00423A 


E2B9 


B7 


3000 


A 




STAA 


CRTCAD 




00424A 


E2BC 


F6 


A012 


A 




LDAB 


STARTH 




00425A 


E2BF 


5A 








DECB 






00426A 


E2C0 


F7 


3001 


A 




STAB 


CRTCRG 




00427A 


E2C3 


F7 


A012 


A 




STAB 


STARTH 




00428A 


E2C6 


39 








RTS 






00429 












END 







TOTAL ERRORS 00000 — 00000 



FCF4 ACIACS, 00012*00013 00201 

FCF5 ACIADA 00013*00204 

E2A4 BEFORE 00404 00412 00414* 

E279 BLANK 00388*00392 

E064 BLANK 1 00097*00100 

A006 BLANKH 00031*00033 00059 00182 

A007 BLANKL 00032*00034 00060 00169 00175 

E05F BLANKR 00087 00095* 

E1AF BS 00147 00290* 

A006 BSPOSH 00033*00306 

A007 BSPOSL 00034*00297 

E1E5 CALLER 00311 00313* 

E167 CARRY 00243 00245* 



E0F5 


CARRYD 


00179 00181* 
















E153 


CHANGE 


00235 00237* 
















A001 


CHARH 


00029*00057 


00174 


00177 


00180 










A002 


CHARL 


00030*00058 


00166 














A016 


CHARLN 


00042*00190 


00240 


00275 


00313 


00324 


00417 






E08F 


CHARRC 


00089 00138* 
















E258 


CLEAR 


00162 00375* 
















A00E 


COMPR 


00036*00063 


00064 


00382 












E177 


CR 


00144 00257* 
















E071 


CRT 


00108*00114 
















3000 


CRTCAD 


00014*00015 


00108 


00164 


00171 


00225 


00231 


00238 


00246 






00258 00264 


00273 


00279 


00291 


00296 


00322 


00328 


00337 






00343 00353 


00359 


00362 


00367 


00376 


00384 


00401 


00409 






00415 00423 
















3001 


CRTCRG 


00015*00110 


00165 


00168 


00172 


00181 


00226 


00232 


00241 






00249 00259 


00261 


00265 


00274 


00277 


00280 


00282 


00292 






00294 00300 


00302 


00304 


00323 


00326 


00329 


00331 


00340 






00344 00346 


00354 


00356 


00360 


00364 


00368 


00377 


00385 
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£iUUu cnixni wuuou uwiyir - ■ ■ 

E2B8 CRYSET 00420 00422* 

E0C8 CURSE 00141 00161 00163* 

E09E DEC1 00143 00145* 

E0A5 DEC2 00146 00148* 

EOAC DEC 3 00149 00151* 

E0B3 DEC4 00152 00154* 

EOBA DEC5 00155 00157* 

E0C1 DEC6 00158 00160* 

E097 DECODE 00140 00142* 

E1CB DECR 00299 00302* 

A014 ENDH 00040*00068 00223 

A015 ENDL 00041*00069 00216 00229 

E152 EQUAL1 00228 00234 00236* 

E295 EQUAL2 00405 00407* 

E2A3 EXIT 00413* 

E12E FIND 00217 00220* 

E12F FIND1 00219 00221* 

E22A HOME 00159 00352* 

E110 INCH 00138 00201*00203 00207 

A00A INDEX 00035*00061 00062 00380 00386 

E191 LF 00150 00272* 

0040 MOVE 00020*00173 00305 00379 

E1A9 NCARRY 00276 00282* 

E0F2 NOCARY 00176 00180* 

E1D2 NODECR 00301 00305* 

E207 NOOCRY 00325 00331* 

E10F NOSCRL 00192 00195* 

E20C PAGE 00156 00336* 

0004 PAGESZ 00021*00339 00345 00381 

00FC PGMASK 00022*00355 00378 

A000 RAM 00028*00029 00030 00031 00032 00035 00036 00037 00038 
00039 00040 00041 00042 00071 00072 00074 00076 00078 
00079 00080 00082 00084 00086 00188 00307 00387 00391 

E05B RUN 00089*00090 

E10C SCRLOL 00194* 

0002 SCRNH 00023*00222 

00AB SCRNL 00024*00215 

47D0 SCRNND 00019*00099 

4000 SCRNST 00018*00019 00096 

E284 SCROLD 00316 00332 00399* 

E120 SCROLU 00194 00214*00283 

A011 SPACES 00037*00065 00189 00191 00193 00260 00266 00308 00309 
00315 00369 

A012 STARTH 00038*00066 00221 00247 00250 00338 00341 00357 00399 
00424 00427 

A013 STARTL 00039*00067 00214 00239 00242 00365 00407 00416 00419 

E07F TABLE 00107 00118* 

E1EF UPLINE 00153 00321* 

E18E YES 00262 00266* 
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MONITOR FOR THE 
MC146805G2L1 MICROCOMPUTER 

Prepared by 
David Bush 
Microprocessor Product Engineer 
and 
Ed Rupp 

Microprocessor System Design Engineer 



INTRODUCTION 

The MC146805G2 is a fully static single-chip CMOS 
Microcomputer. It has 112 bytes of RAM, 2106 bytes of user 
ROM, four 8-bit input/output ports, a timer, and an on-chip 
oscillator. The MC146805G2L1 ROM contains a monitor 
routine which provides the user with the ability to evaluate 
the MC146805G2 using a standard RS232 terminal. The user 
can enter short programs into the on-chip RAM and execute 
them via the monitor. A description of the monitor operation 
follows along with an assembled listing of the actual pro- 
gram. 

MONITOR MODE 

In this mode the MC146805G2L1 Microcomputer is con- 
nected to a terminal capable of running at 300, 1 200, 4800, or 
9600 baud. Figure I contains a schematic diagram of the 
monitor mode connections and a table showing CO and CI 
switch settings to obtain a baud rate that matches the ter- 
minal. Be sure the oscillator frequency is 3.579545 MHz. Any 
area of RAM from location $18 to $7 A may be used for pro- 
gram storage; however, upper locations may be needed for 
user stack. 

When the microcomputer is reset, a power-up message is 
printed. Following the message, the prompt character "." is 
printed and the monitor waits for a response. The response 
may consist of single letter commands with some commands 
requiring additional input. Unrecognized commands respond 
by printing "?". Valid commands are: 

R — Display the Register 

A — Display/Change the Accumulator 

X — Display/Change the Index Register 

M — Display/Change Memory 

C — Continue Program Execution 

E — Execute Program at Address 

S — Display State of I/O and Timer 



R — Display the Register 

The processor registers are displayed as they appear on the 
stack. The format of the register print is: 
HINZC AA XX PP 

The first field shows the state of the condition code register 
bits. Each bit in the register has a single letter corresponding 
to the bit name. If the letter is present, the bit is 1. If a "." is 
printed in place of the letter, that bit is 0. For example, 
"H..ZC" means that the H, Z, and C bits are 1 and that the I 
and N bits are 0. The remainder of the line shows the status 
of the accumulator, index register, and program counter, 
respectively. The stack pointer is always at a fixed address (in 
this case $7 A). The values shown are the values loaded into 
the CPU when a "C" or "E" command is executed. All 
register values except the condition code register can be 
changed with other commands. To change the condition 
code register, it is necessary to use the memory change com- 
mand and modify location $7B. 

A — Examine/Change the Accumulator 

This command begins by printing the current value of the 
accumulator and then waits for more input. In order to 
change the current value, type in a new value (two hex digits). 
To leave the accumulator unchanged, type any non-hex digit 
(a space is a good choice). 

X — Examine/Change the Index Register 

This procedure is the same as the "A" command, but af- 
fects the index register instead. 

M — Examine/Change Memory 

Any memory location may be examined or changed with 
this command (except of course, ROM). To begin, type "M" 
followed by a hexadecimal address in the range 
$0000-$ 1FFF. The monitor responds by beginning a new line 
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+ 5 V 



10 k 



RESET 
IRQ 
NUM 
PA7 
PA6 
PA5 
[jPA4 
£ PA3 
[ PA2 
PA1 
PAO 
PBO 
{\ PB1 
PB2 
flPB3 
C PB4 
[ PB5 
[ PB6 
[ P87 

vss 



OSC1 J 



20 pF — 




Baud Rate Switch 


C1 


CO 


Rate 








300 





1 


1200 


1 





4800 


1 


1 


9600 



To Terminal 



Serial Out 



DB25 Connector 



FIGURE 1. Monitor Mode Schematic Diagram 



and printing the memory address followed by the current 
contents of that location. At this point you may type: 

1. "." and re-examine the same byte. (Try this with loca- 
tion $0008.) 

2. "A" and go to the previous byte. Typing "A" at loca- 
tion $0000 causes the monitor to go to $1FFF. 

3. "CR" and go to the next byte. "CR" is the carriage 
return character. The byte after $1FFF is $0000. 

4. "DD", where "DD" is a valid 2-digit hexadecimal 
number. The new data is stored at the current address 
and the monitor then goes to the next location. This 
means that to enter a program it is only necessary to go 
to the starling address of the program and start typing 
in the bytes. To see if the byte was really inputted, you 
can use the "A" character to return to the last byte 
typed in. 

5. Finally, any character other than those described 
above causes the memory command to return to the 
prompt level of the monitor and prints 



C — Continue Program Execution 

The "C" command merely executes an RTI instruction. 
This means that all the registers are reloaded exactly as they 
are shown in the register display. Execution continues until 
the reset switch is depressed or the processor executes an 
SWI. Upon executing an SWI, the monitor regains control 
and prints the prompt character. This feature can be used for 
an elementary form of breakpoints. Since there is really no 
way to know where the stack pointer is after an SWI, the 
monitor assumes that it is at $7A. This will not be the case if 
an SWI is part of a subroutine. In this case, the monitor will 
be re-entered but the stack pointer will point to $78. This is 
perfectly valid and typing "C" will pick up the program 
from where it left off. However, the A, X, R, and E com- 
mands all assume the stack starts at $7A and will not func- 
tion properly. If the stack location is known, it is still possi- 
ble to examine the registers by using the M command. 

E — Start Execution at Address 

The "E" command waits for a valid memory address 
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($0000-$ 1FFF) and places the address typed on the stack at 
locations $7E and $7F. The command then executes an RTI 
just like the "C" command. If the address typed is not a 
valid memory address, the command exits to the monitor 
without changing the current program counter value. 

S — Display I/O States and Timer 

The "S" command displays ports A, B, C, and D data 
along with the timer data and control register contents. The 
format of the display is: 

A B C D TIM TCR 



The data displayed is simply memory (RAM) locations 
$0000-$0003 with $0008 and $0009. Ports A, B, and D may 
be written to by first making them all outputs; i.e., for port 
A, change location $0004 (port A DDR) to $FF. Port C and 
the timer registers cannot be changed as they are used by the 
monitor. 

MONITOR PROGRAM 

A flowchart for the monitor mode program is provided in 
Figure 2. A listing for the ROM monitor program is attached 
to the end of this application note. 



^Monitor Stan ^ 



— ^ Main ^ 



Prim CR. LF 
Print Prompt 
Get Character 
Print Space 



Y 


Print A 




A = Gel 2 Hex 







— ^ Man 



X = Get 2 Hex 



— ^ Ma,r 



ml Machine 
State 



— Mam ^ 



— Main ^) 



Y 


Get = Get 3 Hex 








i s 




^ Main ^ 



FIGURE 2. Monitor Mode Operating Flowchart 
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MC146805G2 



ROM 



PATTERN 



The MC6805G2 single-chip microcomputer is a 40-pin CMOS 
device with 2096 bytes of ROMi 112 bytes of RAM. four 
8-bit I/O ports. a timer and an external interrupt 
input The ROM contains two separate programs. Either 
of these programs may be selected on reset by wiring port 
C as follows: 













C7 CI 


CO function 








• 




1 


monitor (300 baud) 








* 




1 


1 monitor (1200 baud) 












1 1 


monitor (4800 baud) 












1 1 


1 monitor (9600 baud) 












X 


X bicycle odometer 










The 


monitor is> substantially the same as all previous 








* 


monitors for the 6805. The monitor uses serial I/O for 










its 


communication with the operator. Serial input is C2 










and 


serial output is C3. 








* 


I/O 


Register Addresses 


0000 


00 


00 


p or ta 


equ 


$000 


I/O port 


oooo 


00 


01 


p ortb 


equ 


*001 


I/O port 1 


0000 


00 


02 


portc 


equ 


*002 


I/O port 2 


0000 


00 


03 


portd 


equ 


$003 


I/O port 3 


0000 


00 


04 


ddr 


equ 


4 


data direction register offset (e.g. porta+ddr) 


0000 


00 


08 


timer 


equ 


*008 


8-bit timer register 


0000 


00 


09 


tcr 


equ 


«009 


timer control register 


0000 


00 


10 


RAM 


equ 


♦010 


start of on-chip ram 


0000 


00 


80 


ZROM 


equ 


*080 


start of page zero rom 


0000 


01 


00 


ROM 


equ 


♦ 100 


start of main rom 


0000 


20 00 


MEMS 1 1 
» 


equ 


*2000 


memory address space size 








* 


Character Constants 


0000 


00 


Od 


# 

CR 


equ 


*0D 


carriage return 


0000 


00 


Oa 


LF 


equ 


*0A 


line feed 


0000 


00 


20 


BL 


equ 


$20 


b lank 


0000 


00 


00 


EOS 
• 


equ 


*00 


end of string 








* 








it 


R 


M M N I 


TOR for the 1 4 6 8 5 G 2 








* 




Wr i tten 


by Ed Rupp. 1980 








* 
* 


The 


monitor has 


the following commands: 



486 



I 

Sep 8 15: 10 1981 146805G2 ROM Monitor Listing Page 2 



Print registers. 

format is CCCCC AA XX PPP 

Print/change A accumulator. 
Prints the register value, then 
waits for new value. Type 
any non-hex character to exit. 

Print/change X accumulator. 

Works the same as 'A'» . except modifies X instead. 









■9 


M — 


Memory e x ami ne /c h ang e . 








* 




Type M AAA to begin, 








* 




then type: . — to re-examine current 








* 




— to examine previous 












CR — to examine next 








* 




DD — new data 












Anything else exits memory command. 








* 


C — 


Continue program. Execution starts at 








* 




the location specified in the program 








* 




counter, and 












continues until an swi is executed 








* 




or until reset. 








* 


E -- 


Execute from address. Format is 












E AAAA. AAAA is any valid memory address 








* 


S — 


Display Machine State. All important regis 












displayed. 








# 


Special Equates 


0602 


00 


2e 


PROMPT 


equ 


prompt character 


0602 


00 


Od 


FWD 


equ 


CR go to next byte 


0602 


00 


5e 


BACK 


equ 


""■ go to previous byte 


0602 


00 


2e 


SAME 
* 


equ 


'. re-examine same byte 








* 


Other 




0602 


00 


7f 


* 

i n i tsp 


equ 


S7F initial stack pointer value 


0602 


00 


7a 


stac k 


equ 


initsp-5 top of stack 








* 
* 


ram variables 


0602 


00 


10 


get 


- equ 


RAM+O 4-byte no-mans land, see pick and 


0602 


00 


14 


atemp 


equ 


RAM+4 acca temp for getcputc 


0602 


00 


15 


xtemp 


equ 


RAM+5 x reg. temp for getcputc 


0602 


00 


16 


char 


equ 


RAM+6 current input/output character 


0602 


00 


17 


c ount 
* 


equ 


RAM+7 number of bits left to get/send 








* 

» 


state 


print machine state 










A B 


C D TIM TCR 








» 


dd dd 


dd dd dd dd 
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* 

* header string for I/O register display 





Od 


Qa 










iomsg 


f cb 


CR, LF 




0604 


i'O 


41 


20 


20 


42 


20 




fee 


/ A B 


C D TIM TCR/ 




20 


43 


20 


20 


44 


20 












54 


49 


4d 


20 


54 


43 










06 1 7. 


52 
Od 


Oa 


00 








« 


f cb 


CR, LF, EOS 


06 1 a 


5f 












state 


c lr x 






06 lb 


d6 


06 


02 








state2 


Ida 


l omsg, x 


get next char 


6 1 e 


a 1 


00 












cmp 


#EOS 


qu i t? 


0620 


27 


06 












beq. 


state3 


yes, now print values 


0622 


c d 


08 


01 










jsr 


putc 


no, print char 


0625 


5c 














inc x 




bump pointer 


0626 


20 


i 3 












bra 


state2 


do it again 


0628 














s ta te3 
























now print values underneath the header 


0628 


5f 














c 1 r x 






0629 


f 6 














Ida 




start with I/O ports 


062a 


c d 


07 


5e 










jsr 


p u t b y t 




062d 


cd 


07 


8b 










jsr 


puts 




0630 


5c 














inc x 






0631 


a3 


04 












cp X 


#4 


end of I/O? 


0633 


26 


f 4 












bne 


p i o 


no, do more 


0635 


cd 


07 


8b 








» 


jsr 


puts 




0638 


b6 


08 












Ida 


t imer 


nom print the value in the t: 


063a 


cd 


07 


5e 










jsr 


p u t b y t 




063d 


c d 


07 


8b 










jsr 


puts 




0640 


c d 


07 


8b 










jsr 


puts 




0643 


b6 


09 












Ida 


tcr 


the control register too 


0645 


c d 


07 


5e 










jsr 


p u t b g t 




0648 


20 


48 












bra 


mon i t 


all d one 


















pec — 


print condition codes 
















* 


str ing 


for pec 


subrout ine 


064a 


48 


49 


4e 


5a 


43 






fee 


/HINZC/ 




064f 


b6 


7b 










* 

pec 


Ida 


stac k + 1 


condition codes in acca 


0651 


48 














as la 




move h bit to bit 7 


0652 


48 














as 1 a 






0653 


48 














as la 






0654 


b7 


10 












sta 


get 


save it 


0656 


5f 














c lrx 






0657 


a6 


2c 










pcc2 


Ida 


# '. 




0659 


38 


10 












asl 


get 


put bit in c 


065b 


24 


03 












bec 


pcc3 


bit off means print . 


065d 


do 


06 


4a 










Ida 


c c s tr , x 


pickup appropriate character 


0660 


cd 


08 


01 








pcc3 


jsr 


putc 


print . or character 


0663 


5c 














inc x 




point to next in string 
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0664 


a3 


05 






cp X 


t»5 quit after printing all 5 bit 


0666 




ef 






bio 


p c c2 


0668 


81 








rts 












* 


seta 


examine/change accumulator A 


0669 


ae 


7c 




seta 


ldx 


#stack+2 point to A 


066 b 


?0 


02 




* 


bra 


se tan y 










* 


setx 


examine/change accumulator X 


066d 




7d 




sc t X 
* 


ldx 


#stack+3 point to X 










* 
* 


setany 


print (x) and change if necessary 


066f 


f 6 






setany 


Ida 


.x pick up the data, and 


0670 


C d 


07 


5e 




jsr 


putbyt printit 


0673 


c d 


07 


8b 




jsr 


puts 


0676 


c d 


07 


94 




j sr 


getbyt see if it should be changed 


0679 


25 


I 7 






b c s 


monit error* no change 


067b 


f 7 








s ta 


i x else replace with new value 


067c 


20 


1 4 




t 


bra 


muni f nniii rpfnrn 










* 


rags 


print cpu registers 


067e 


ad 


cf 




regs 


b sr 


pec print cc register 


06eo 


cd 


07 


8b 




jsr 


puts separate from next stuff 


0683 


3f 


1 1 






clr 


get + 1 point to page zero, 


06B5 


a6 


7c 






Ida 


#stac k+2 


0687 


b 7 


12 






s ta 


get+2 


0689 


c d 


07 


4b 




jsr 


out2hs continue print with A 


068c 


c d 


07 


4b 




jsr 


out2hs X and finally the 


068f 


c d 


07 


43 




jsr 


out4hs Program Counter 










* 
* 


fall into main loop 










* 

* 


monit - 


— print prompt and decode commands 


0692 


C d 


07 


7d 


mon i t 


jsr 


crlf go to next line 


0695 


a6 


2e 






Ida 


#PROMPT 


0697 


c d 


08 


01 




jsr 


putc print the prompt 


069a 


c d 


07 


c3 




jsr 


getc get the command character 


069d 


a4 


7f 






and 


»%Ulllli mask parity 


069 f 


c d 


07 


8b 




jsr 


puts print space (won't destroy A) 


06a2 


a 1 


4 1 






cmp 


#'A change A 


06a J. 


27 


c 3 






beq 


seta 


06a6 


al 


58 






cmp 


#'X change X 


06a8 


27 


c3 






beq 


setx 


06aa 


al 


52 






cmp 


#'R registers 


06a c 


27 


dO 






beq 


reg s 


06a e 


al 


45 






cmp 


#'E execute 


06b0 


27 


16 






beq 


exec 


06b2 


al 


43 






cmp 


#'C continue 


06b4 


27 


21 






beq 


c ont 


06b6 


al 


4d 






cmp 


#'M memory 


06b8 


27 


le 






beq 


memory 
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WO D r) 


3 1 








c mp 


#'S 


display machine state 


06b C 


26 


03 






bne 


monit2 




06b e 


c c 


06 


la 


* 


jmp 


state 


commands are getting too 


06c 1 


06 


c 1 




monit2 


equ 


* 




06c 1 


at, 


3f 






Ida 


# '? 


none of the above 


06c3 


cd 


08 


01 




jsr 


p utc 




06C6 


20 


ca 




• 


bra 


mon i t 


loop around 










» 
* 


exec 


execute from given address 


06c 8 


cd 


07 


94 


exec 


jsr 


getby t 


get high nybble 


06cb 


25 


c5 






b c s 


mon i t 


bad digit 


06c d 


97 








ta x 




save for a second 


06ce 


cd 


07 


94 




jsr 


getby t 


now the loin byte 


06d 1 


25 


bf 






bcs 


mon i t 


bad address 


06d3 


b7 


7* 






sta 


stac k+5 


program counter low 


06d5 


bf 


7e 






Stx 


stac k+4 


program counter high 



06d7 80 



* cont continue users program 

* 

cont rti simple enough 

* memory memory examine/change 



06 d 8 


cd 


07 


94 


memory 


jsr 


06db 


25 


b5 






bcs 


06dd 


b7 


11 






sta 


06df 


cd 


07 


94 




jsr 


06e2 


25 


ae 






bcs 


06e4 


b7 


12 






sta 


06e6 


cd 


07 


7d 


mem2 


jsr 


06e9 


b6 


11 






Ida 


06eb 


a4 


If 






and 


06ed 


cd 


07 


5e 




J=r 


06f0 


b6 


12 






Ida 


06f2 


cd 


07 


5e 




jsr 


06f 5 


cd 


07 


8b 




jsr 


06f8 


ad 


2c 






bsr 


06fa 


cd 


07 


5e 




jsr 


06f d 


cd 


07 


8b 




jsr 


0700 


cd 


07 


94 




jsr 


0703 


25 


06 






bcs 


0705 


ad 


25 






bsr 


0707 


ad 


33 




mem4 


b sr 


0709 


20 


db 






bra 


070b 


al 


2e 




mem3 


cmp 


070d 


27 


d7 






beq. 


070f 


al 


Od 






cmp 


0711 


27 


f4 






beq 


0713 


al 


5e 






cmp 


0715 


26 


Oc 






bne 


0717 


3a 


12 






dec 


0719 


b6 


12 






Ida 


071b 


al 


f f 






cmp 


071d 


26 


c7 






bne 



ge tb y t 

mon 1 1 

get+1 

ge t b y t 

mon i t 

get+2 

crlf 

get + 1 

#*1F 

putby t 

get+2 

putby t 

puts 

pick 

p utb y t 

puts 

ge tb y t 

mem3 

drop 

b ump 

mem2 

#SAME 

mem2 

#FWD 

mem4 

#B ACK 

xmon i t 

get+2 

get+2 

#*FF 

mem2 



build address 
bad hex character 



bad hex character 
address is now in get + 18<2 
begin new line 
print current location 
mask upper 3 bits <8K map) 



a blank, then 
get that byte 
and print it 
another blank, 
try to get a byte 
might be a 
otherwi sc. 
go to next address 
and repeat 
re-examine same? 
yes, return without bumping 
go to next? 
yes. bump then loop 
go back one byte? 

no. exit memory command 
decrement low byte 
check for underflow 



spec ial character 
put it and continue 



no underflow 
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07 If 3a 11 
0721 30 c3 



dec 
bra 



get+1 
mem2 



0733 cc 06 92 



* convenient transfer point back to monit 
* 

xmonit jmp monit return to monit 

* 

* utilities 



0726 bf 15 
0728 ae d6 
072a 20 04 



pick 



pick get byte from anywhere in memory 

this is a horrible routine (not merely 
self-modifying- but self-creating) 

get + 18<2 point to address to readi 
byte is returned in A 
X is unchanged at exit 



stx 
ldx 
bra 



x temp 
#*D6 
c ommon 



save X 

D6=lda 2-byte indexed 



drop put byte to any memory location. 

has the same undesirable properties 
as pick 

A has byte to store, and get+1 &2 points 

to location to store 

A and X unchanged at exit 



072c 


bf 


15 


drop 


stx 


x temp 


save X 


072e 


ae 


d7 


* 


ldx 


#*D7 


d7-sta 2-byte index* 


0730 


bf 


10 


* 

c ommon 


stx 


get 


put opcode in place 


0732 


ae 


81 




ldx 


#*B1 


81=rts 


0734 


bf 


13 




stx 


get+3 


now the return 


0736 


5f 






c lrx 




we want zero offset 


0737 


bd 


10 




J sr 


get 


execute this mess 


0739 


be 


15 




ldx 


xtemp 


restore X 


073b 


81 






rts 




and exit 



073c 3c 12 
073e 26 02 
0740 3c 11 
0742 81 



b ump 



bump2 



bump add one to current memory painter 

A and X unchanged 



inc 
bne 
inc 
rts 



get+2 increment low byte 
bump2 non-zero means no carry 
get+1 increment high nybble 



0743 ad el 
0745 a4 If 



out4hs 



out4hs — 



print, word pointed to as an address. 
X is unchanged at exit 



bump pointer 



bsr 
and 



pick 
**1F 



get high nybble 
mask high bits 
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074 7 


ad 


1 5 






h 


putbyt 


and print it 


Ci 7 4 9 


ad 


f 1 








b ump 


go to next address 










ft 


U U I ill 3 


print byte pointed to, then a space 










ft 




X is 


unchanged at exit 


074 b 


a d 


d9 




o u 1 2 h s 


b sr 


pick 


get the byte 


74 d 


b 7 


1 






s ta 


get 


save A 


G 7 4 f 


44 














0750 


44 








1 ST* 3 






"51 


44 








1 sra 






0752 


44 








1 sra 




shift high to lou 


0753 


ad 


16 






b sr 


putnyb 




07 55 


b h 


10 






Ida 


get 




0757 


ad 


12 






bsr 


putnyb 




0759 


ad 


el 






bsr 


b ump 


go to next 


07 5b 


ad 


2e 






bsr 


puts 


finish up with a blank 


7 5 d 


SI 








r t s 














p u t b y t 


print A in hex 














A and X 


unchanged 


075e 


b 7 


1 




p u t b y t 


s t a 


get 


save A 


0760 


44 














0761 


44 








1 sra 






076? 


44 








1 sra 






0763 


44 












shift high nybble down 


0764 


a d 


05 






b sr* 


putnyb 


print it 


0766 


b6 


10 






Ida 


get 




0768 


ad 


01 






bsr 


putnyb 


print low nybble 


076a 


S 1 








r t s 
















p u t n y b 


print lower nybble of A in hex 














A and X 


unchanged, high nybble 














of A is 


ignored. 


076b 


b 7 


1 3 




putnyb 


s t a 


get+3 


save A in yet another temp 


076d 


a 4 


Of 






and 


#*F 


mask off high nybble 


076f 


-3 b 


30 






add 


# '0 


add ascii zero 


0771 


al 


39 






cmp 


# '9 


check for A-F 


0773 


23 


02 






bis 


putny2 




0775 


ab 


07 






add 


# 'A- '9- 


1 adjustment for hex A-F 


0777 


cd 


08 


01 


p utng2 


jsr 


putc 




077 a 


b 6 


1 3 






Ida 


get+3 


restore A 


\J t 1 1 


O i 






* 


r t s 












* 


c r 1 f — 


- print 


carriage return, line feed 










* 




A and 


X unchanged 


077d 


b 7 


1 




c r 1 f 


s ta 


get 


save 


077f 


.3 6 


Od 






Ida 


#CR 




0781 


cd 


08 


01 




J" 


putc 




0784 


at, 


Oa 






Ida 


#LF 




0786 


ad 


79 






bsr 


putc 




0788 


b6 


10 






Ida 


get 


restore 


078a 


91 








rts 
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puts — 


- print 


a blank (space) 








* 




A and 


X unchanged 


078 b 


b 7 


10 


puts 


sta 


get 


save 


078d 


a6 


20 




Ida 


#BL 




078f 


ad 


70 




b sr 


putc 




0791 


b6 


1 




Ida 


get 


restore 


0793 


ei 






rts 










* 
* 


getby t 


get 


a hex byte from terminal 








# 


A gets 


the byte 


typed if it was a valid hex number, 










otherwise A gets the last character typed. The c-bit is 










set on 


non-hex characters; cleared otherwise. X 








* 
* 


unchanged in any case. 


0794 


ad 


Of 


getby t 


bsr 


getnyb 


build byte from 2 nybbles 


079fc 


25 


Oc 




bcs 


noby t 


bad character in input 


0798 


48 






asla 




0799 


48 






as la 






079a 


48 






asla 






079b 


48 






asla 




shift nybble to high nybble 


079c 


b7 


1 




sta 


get 


save it 


079« 


ad 


05 




bsr 


getnyb 


get low nybble now 


07a0 


25 


02 




bcs 


nob y t 


bad character 


07a2 


bb 


10 




add 


get 


c-bit cleared 


07a4 


81 




nob y t 


rts 












getnyb 


get 


hex nybble from terminal 








* 


A gets 


the nybble typed if it was in the range 0-F, 










otheruji 


se A gets the character typed. The c-bit is set 










on non 


-hex characters; cleared otherwise. X is 








* 


unchanged. 




07a5 


ad 


lc 


getnyb 


bsr 


getc 


get the character 


07a7 


a4 


7f 




and 


#"/.! 111111 mask parity 


07a9 


b7 


13 




s ta 


get+3 


save it just in case 


07a b 


aO 


30 




sub 


#'0 


subtract ascii zero 


07a d 


2b 


10 




bmi 


nothex 


was less than '0' 


07a f 


al 


09 




cmp 


#9 




07b 1 


23 


Oa 




bis 


g o t i t 




07b3 


aO 


07 




sub 


# 'A- '9- 


1 funny adjustment 


07b 5 


a 1 


Of 




cmp 


#*F 


too big? 


07b7 


22 


06 




bh i 


nothex 


was greater than 'F ' 


07hi9 


al 


09 




cmp 


#9 


check between 9 and A 


07bb 


23 


02 




bis 


nothex 




07bd 


98 




g ot i t 


clc 




c=0 means' good hex char 


07be 


81 






rts 




07b f 


bb 


13 


nothex 


Ida 


get+3 


get saved character 


07c 1 


99 






sec 




07c2 


81 




« 


rts 




return with error 








* 


S e r i 


a 1 I 


/ Routines 
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These subroutines are modifications of the original NMOS 
version Differences ark due to the variation in cycle 
time of CMOS instructions vs. NMOS. 

Since the INT and TIMER interrupt vectors are used in the 
bicycle odometer, the I-bit should always be set when 
running the monitor. Hence, the code that fiddles with 
the I-bit has been eliminated.. 



Definition of serial I/O lines 



07c3 


00 


02 


07c3 


00 


02 


07c3 


00 


03 


07c 3 


bf 


15 


07c 5 


ah 


08 


07c7 


b7 


17 


07c9 


04 


02 fd 


07cc 


b6 


02 


07ce 


a4 


03 


07dO 


97 




07dl 


de 


08 4b 


07d4 


a6 


04 


07d6 


9d 




07d7 


4a 




07d8 


26 


f c 


07da 


5d 




07db 


14 


02 


07dd 


14 


02 


07df 


5a 




07e0 


26 


f2 





Note : 


changing 


'in' or 'out' will necessitate 


» 
* 


way 'put' is setup during reset. 


put 


equ 


p or tc 


serial I/O port 


in 


e a u 


2 


serial input line# 


out 
» 


e o_u 


3 


serial output line# 


» 


getc - 


— get a 


character from the terminal 




A gets 


the character typed, X is unchanged. 


getc 


stx 


x temp 


save X 




Ida 


#8 


number of bits to read 




sta 


count 




getc4 

* 


brset 


in, put, 


getc4 wait for hilo transition 


* 
* 


delay 


1/2 bit time 




Ida 


put 






and 


#'/. 1 1 


get current baud rate 




ta x 








ldx 


delays 


x get loop constant 


getc3 


Ida 


#4 




getc2 


nop 








deca 








bne 


getc2 






tstx . 




loop padding 




bset 


in, put 


ditto 




bset 


in, put 


CMOS ditto 




dec x 








bne 


getc3 


major loop test 



now we should be in the middle of the start bit 



07e2 04 02 e4 
07e5 7d 
07e6 7d 
07e7 7d 



brset 
tst 
tst 
tst 



in, put, getc4 false start bit test 
, x more timing delays 



main loop for getc 



07e8 ad 46 
07ea 05 02 00 
07ed 7d 



getc7 bsr delay (6) common delay routine 

brclr in, put, getcfe (5) test input and set c-bit 
getc6 tst ,x (4) timing equalizer 
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07ee 


9d 






nap 




(2) CMOS equalization 


07ef 


9d 






nop 




(2) CMOS equalization 


07f0 


9d 






nop 




(2) CMOS equalization 


07f 1 


9d 






nop 




(2) Cnu5 equalization 


07f2 


9d 






nop 




(2) CHOS equalization 


07"f 3 


^d 






nop 




(2) CMOS equalization 


07f4 


36 


16 




ror 


char 


(5) add this bit to the byte 


07f 6 


3a 


1 7 




dec 


c ount 


(5) 


07f 8 


26 


ee 


* 


bne 


getc7 


(3) still more bits to get(see 


07f a 


ad 


34 




b sr 


de lay 


wait out the 9th bit 


07* c 


b6 


16 




Ida 


char 


get assembled byte 


07fe 


be 


15 


* 


ldx 


x temp 


restore x 


0800 


81 






rts 




and return 








• 
» 
» 


putc 


print a on the terminal 








* 
* 


X and 


A unchanged 


080 1 


b 7 


16 


putc 


sta 


char 




0803 


b7 


14 




sta 


a temp 


save it in both places 


0805 


bf 


15 




stx 


x temp 


don't forget about X 


0807 


a6 


09 




Ida 


#9- 


going to put out 


0809 


b7 


17 




sta 


c ount 


9 bits this time 


oeob 


5f 






c lr x 




for very obscure reasons 


080c 


98 






clc 




this is the start bit 


oeod 


20 


02 


* 


bra 


putc2 


jump in the middle of things 








* 


main 


loop for putc 


080f 


36 


16 


p utc 5 


ror 


char 


(5) get next bit from memory 


0811 


24 


04 


putc2 


bcc 


p u tc3 


(3) noiD set or clear port bit 


0813 


16 


02 




bset 


out. put 


0815 


20 


04 




bra 


putc4 




0817 


17 


02 


putc3 


bclr 


out. put 


(5) 


0819 


20 


00 




bra 


putc4 


(3) equalize timing again 


08 1 b 


d d 


08 30 


putc4 


jsr 


delay, x 


(7) must be 2-byte indexed jsr 








• 






.this is why X must be zero 


081e 


43 






c oma 




(3) CMOS equalization 


081 f 


43 






c oma 




(3) CMOS equalization 


0820 


43 






c oma 




(3) CMOS equalization 


0821 


3a 


1 7 




dec 


c ount 


(5) 


0823 


26 


ea 




bne 


putc5 


(3) still more bits 


0825 


14 


02 




bset 


in, put 


7 cycle delay 


0827 


16 


02 


• 


bset 


out, put 


send stop bit 


0829 


ad 


05 




bsr 


delay 


delay for the stop bit 


082b 


be 


15 




ldx 


x temp 


restore X and 


082 d 


b6 


14 




Ida 


a temp 


of course A 


082 f 


81 






rts 












# 
» 
* 


delay 


precise delay for getc/putc 


0830 


b6 


02 


delay 


Ida 


put 


first, find out 
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UfciOc 




03 






and 


#% 1 1 


what the baud rate is 


0834 


97 








ta x 






0835 


de 


08 


4b 




1 d x 


delays: 


x loop constant from table 


0838 


a6 


f 8 






Ida 


#*F8 


funny adjustment for subroutine overhead 


083a 


ab 


09 




d e 1 3 


add 


#*09 




083c 








d e 1 2 






'....•/ 


083c 


9d 








nop 




CMOS equalization 


083d 


4a 








deca 






083e 


26 


f c 






bne 


del2 




0840 


5d 








tstx 




loop padding 


0841 


14 


02 






bset 


in* put 


ditto 


0843 


1 4 


02 






bset 


in, put 


cnub ditto 


0845 


5a 








dec x 






0846 


26 


f2 






bne 


del3 


main loop 


0848 


9d 








nop 




CMOS equalization 


0849 


9d 








nop 




CMOS equalization 


084a 


81 








rts 




with X still equal to zero 










• 
* 


delays 


for baud 


rate calculation 










• 


This table must 


not be put on page zero since 










». 


the accessing must take 6 cycles. 


084 b 


20 






delays 


f cb 


32 


300 baud 


0S4c 


08 








f cb 


8 


1200 baud 


084d 


02 








f cb 


2 


4800 baud 


084e 


01 






« 


f cb 


1 


9600 baud 










* 

» 


reset - 


— power 


on reset routine 












Based 


on a port 


bit. run the bicycle odometer or the monitor 


084 f 








reset 








084 f 


Oe 


02 


03 




brset 


7, portc / other 


0852 


cc 


01 


54 




jmp 


odo 


be a bicycle odometer 










* 


run the monitor 




0855 








* 

other 








0855 


a6 


08 






Ida 


ttXIOOO 


setup port for serial io 




b 7 


02 






sta 


put 


sejb output to mark level 


0859 


b7 


06 






sta 


put+ddr 


set ddr to have one output 












print 


sign-on message 


085b 


5f 








clrx 






085c 


d6 


08 


6c 


babble 


Ida 


msg, x 


get next character 


085f 


al 


00 






cmp 


#EOS 


last char? 


0861 


27 


06 






beq 


mstart 


yes# start monitor 


0863 


cd 


08 


01 




J* r 


putc 


and print it 


0866 


5c 








inc x 




advance to next char 


0867 


20 


f3 






bra 


babble 


more message 


0869 








mstart 






0869 


83 








swi 




push machine state and go to monitor routine 


086a 


20 


e3 






bra 


reset 


loop around 
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* msg power up message 

* 

086c Od Oa msg fcb CR, LF 

086e 31 34 36 38 30 35 fee /146805G2/ 
47 32 

0876 00 fcb EOS 



****»»**»»**«»»»«»*»**»*#*»*»»»»»♦»»*»»»*»*♦»»»»»»»**»•»#*#*#**»**» 

* 

* interrupt vectors 



!- odometer vectors 



If f6 






org 


MEMS I Z- 


10 start of vectors 


If f6 


01 


eO 


* 

fdb 


onemi 1 


exit wait state 


If f8 


01 


eO 


f db 


onemi 1 


timer interrupt 


If fa 


02 


46 


fdb 


wheel 


external interrupt 


If fc 


06 


92 


fdb 


moni t 


stui to main entry 


If fe 


08 


4f 


fdb 


reset 


power on vector 
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